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same publication Vol. 25, .p. 369 to 497, June, 1932. Part III 
is the concluding number. 

Descriptions in this part have been abbreviated by omitting 
details that could be satisfactorily shown in the figures which 
have been drawn with great care by the junior author. All 
measurements are given in millimeters. 

Measurements of body length have been taken from vertex 
to base of cauda. Roman numerals, unless otherwise stated, 
refer to antennal joints. ‘‘Base of VI’’ on antenna indicates 
the enlarged portion of joint VI and this is here considered to 
include the entire permanent sensorium. The ‘‘unguis’’ indi- 
cates the more slender portion beyond the distal margin of 
the permanent sensorium.* ‘‘Hind tarsi’’ indicates 2d. tarsal 
joint exclusive of claws. Color of head and thorax in alatae 
is dark brown to black unless otherwise stated. 

Special acknowledgment is here made of assistance given 
by A. C. Maxson on the subfamily ERIOSOMATINAE in the 
loan of specimens, use of data, and in settling taxonomic 
questions in the determination of species. 


*See Vickery, 12th Rept. St. Ent. Minn., 1908, and Theobald, Aphid. Gr. 
Brit., Vol. 1, p. 3, 1926. 
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Subtribe Macrosiphina. 

Characters.—Frontal tubercles well developed, distinctly exceeding 
vertex (excepting Aakimia). Antennae 6-jointed, as long or longer 
than body; secondary sensoria circular. Hairs blunt to capitate or 
funnel-shaped; on antennae and tibiae never much longer than diameter 
of joint bearing them. Lateral tubercles inconspicuous or absent. 
Rostrum 4-jointed with tip or terminal joint indistinct. First tarsal 
joint approximately triangular. 


KEY TO GENERA OF MACROSIPHINA 


A. Cauda slender and twisted. (Page 143).. Bipersona 
AA. Cauda not slender and twisted. 
B. Frontal tubercles with fingerlike process. (Page 207 Phorodon 


BB. Frontal tubercles without fingerlike process. 
C. Frontal tubercles not greatly exceeding vertex. 


D. Hairs distinctly capitate. (Page 144 Capitophorus 
DD. Hairs not distinctly capitate. 

E. Frontal tubercles not pronounced, diverging; Aphislike 
(Page 159) Kakimia 

EE. Frontal tubercles pronounced and not diverging, often con 
verging. (Page 200) Myzus 

CC. Frontal tubercles greatly exceeding vertex. 

D. Cornicles clavate. (Page 134) ee Amphorophora 
DD. Cornicles cylindrical. (Page 168) Macrosiphum 


{Genus Amphorophora Buckton. | 
Buckton, Monog., Brit. Aphid., Vol. 1, p. 187, 1876. See also Mason, Proc. U. S. 
Nat. Mus., Vol. 67, p. 2, 1925. 

Characters.—Frontal tubercles prominent on median side, distinctly 
exceeding vertex; first antennal joint gibbous. Antennae as long or 
longer than body. Hind tibiae nearly as long to longer than body. 
Hairs blunt to slightly capitate, short, on antennal III and outer side 
of hind tibiae not as long as diameter of joint bearing them. Cornicles 
longer than cauda and more or less swollen. Cauda large, either 
tapering or constricted. Hind tarsi short, never longer than base of 
antennal VI. Macrosiphumlike forms. 

Genotype Amphorophora ampullata Buckton.. (See below.) 
KEY TO SPECIES OF AMPHOROPHORA. 


A. Cornicles distinctly reticulated at tip. 
B. Spur of antennal VI at least 5 times base. 


C. Rostral IV + V shorter than base of VI. (Page 136)..... brevitarsis 
CC. Rostral IV + V longer than base of VI. 

D. Sensoria on III in alatae more than 30. (Page 135) ....arnicae 

DD. Sensoria on III in alatae fewer than 30. (Page 141). .....rubicola 

BB. Spur of VI shorter than 5 times base. (Page 139)........ morrisoni 


AA. Cornicles not distinctly reticulated at tip. 
B. Cornicles shorter than IIT. 
C. Sensoria on III in alatae fewer than 20, inapterae4to9. (Page 138), 
grindeliae 
CC. Sensoria on III in alatae more than 20. 
D. Sensoria present on III in aptera. 
E. Sensoria on III in apterae 30-34. (Page 135). ampullata 
EE. Sensoria on III in apterae 9 to 18. 
F. Tarsi much shorter than base of VI. 
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G. Cornicles and antennae pale. Rostral IV + V .14 to .15 long. 
(Page 140 seen oc ; rubi 
GG. Cornicles and antennae dusky. Rostral IV + V .18 to .19 
long. (Page 142 gia tigwatensa 
FF. Tarsi not distinctly shorter than base of VI. 
G. Tarsi subequal with base of VI. Sensoria absent on antennal 
IV in alatae. (Page 140 _ ribiella 
GG. Tarsi longer than base of VI. Sensoria present on antennal 
IV inalatae. (Page 142).. sonchi 
DD. Sensoria absent on III inapterae. (Page 137).... ae crataegi 
BB. Cornicles not shorter than III. 
C. Cauda with 2 pairs of lateral hairs. (Page 139 aan nervata 
CC. Cauda with more than 2 pairs of lateral hairs. 
D. Cauda with 6 to 7 pairs of lateral hairs. (Page 138 geranii 
DD. Cauda with 4 pairs of lateral hairs. (Page 140)....... ... .Tibiella 


{Genotype Amphorophora ampullata Buckton.| 
Buckton, loc. cit. See also Theobald, Aphid. Gr. Brit., Vol. 1, p. 191, 1926, and 

Mason, Proc. U.S. Nat. Mus., Vol. 67, p. 10, 1925. 

Color.—Apterous vivipara.—Green. Antennae and cornicles dark 
at tips; cauda and anal plate yellow; legs green. 

Structural Characters—Summer apterous vivipara.—Body, 3.3. 
Antennal tubercles large and gibbous; antennal I very large. Antennal 
III bearing 30 to 34 round, thick-contoured sensoria reaching nearly 
the length of joint. Antennae much longer than body; III long, IV 
shorter than III but longer than V; VI long. Cornicles about three- 
fifths of antennal III and thicker. Hairs on antennal III are shorter 
than the width of the segment and capitate. Cornicles conspicuously 
dilated in the middle, without reticulations or imbrications. Cauda 
thick, bluntly acuminate. 


Host.—On fronds of Cystopteris montana in a conservatory 
in England. Known only from the type slide which contains 
3 apterous viviparae and is to be found in the British Museum. 
[Data for description taken from Theobald and Mason (loc. 
cit.).] 


Amphorophora arnicae Glendenning. 


Glendenning, Can. Ent., Vol. 58, p. 97, 1926. See also Hottes, Proc. Bio. Soc. 
Wash., Vol. 46, p. 97, 1933. 
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Fic. 209. Amphorophora arnicae. 
Color.—Summer viviparae.—Green; pruinose; alate with dusky 
lateral areas; cauda pale; antennae dusky except base of III; tibiae 
yellow-brown; cornicles brown to black; veins tipped with dusky. 





136 Annals Entomological Society of America |Vol. XXVII, 


Structural Characters —Apterous viviparae.—Body 3.22; antennae 
2.6 to 3.3; joints same as alata; rostrum attaining 3d. coxae. Alate 
vivipara.—Body 3; width across eyes .55; hind tibiae 2.3 to 2.6; hind 
tarsi .10 to .11; rostrum attaining between 2d. and 3d. coxae; fore 
wings 5 to 5.8. Hairs on vertex and antennae slightly capitate, .03 in 
alata; .04 to .05 on outer side of hind tibiae; .04 on side of body. Male 
alate. 

Collections —On Arnica sp. at Pingree Park and Grand 
Mesa*; alate and apterous viviparae Aug. 15 and 20; only 2 
collections; apparently rare. 

Taxonomy.—This species is very close and perhaps syn- 
onymous with Amphorophora davidsoni Mason, apparently 
differing only in more numerous sensoria. 


Amphorophora brevitarsis Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 356, 1933. 
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Fic. 210. Amphorophora brevitarsis. 


Color—Summer viviparae.—Pale yellowishgreen to pale yellowish, 
head and thorax in alata yellowish-brown; all appendages pale except 
tips of joints and cornicles which are dusky to black. 

Structural Characters.- Summer viviparae.—Body 2 to 3; across 
eyes .47 to .50; hind tibiae 2 to 2.3; hind tarsi .12; antennae 3 to 4.10; 
III .77 to 1.06; IV .50 to .78; V .50 to .66; VI .16 to .1S + 1 to 1.26; 
cornicles .SO to 1.10; reticulated on distal .12; cauda .23 for hard portion, 
.26 to .30 for entire length; rostrum with IV + V obtuse .15 long, 
attaining 2d. coxae in alata, slightly surpassing 2d. coxae in aptera. 
Fore wings 4. Secondary sensoria nearly flat, 19 to 20 on ITI, in alata; 
1 to 12 on III in aptera. Hairs blunt; on vertex .02 to .03 long; on 
antennae .01; on outer side of hind tibiae .02 to .03, shorter than 
diameter of tibiae; on sides of abdomen .01 to .02 and sparse. Lateral 
tubercles shallow. Males alate. 


Collections.—On leaves of Clematis ligusticifolia at Fort 
Collins and in Poudre Canon; fundatrices April 26 and 


*Kindly ‘ loaned by F. C. Hottes. 
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2 ageing summer yeviperes July 1 to Sept. 25, alate viviparae 
July 18 to Sept. 25, oviparae Sept. 25 to Oct. 23, males Sept. 
28 to Oct. 10; 11 collections, in small colonies or solitary; 
rather common but inconspicuous on account of protective 
coloration, concealed position under leaves and more or less 
solitary habit. 

Types in collection of U. S. Nat. Mus., Cat. No. 49292; 
paratypes in collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species differs from Amphorophora nervata 
(Gillette) chiefly in the presence of sensoria on antennae of 
apterae, amount of reticulation on cornicles and length of 
rostrum. 


Amphorophora crataegi (Monell), n. comb. 


Monell, Bul. U. S. Geol. and Geog. Surv. Terr. V, p. 20, 1879, Siphonophora. See 
also Patch, Me. Agr. Exp. Sta. Bul. 233, p. 253, 1914. 
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Fic. 211. Amphorophora crataegi. 


Color.—All forms.—Lemon-yellow, marked with darker green in 
2 longitudinal lines or 4 quadrate spots on dorsum of abdomen; head 
and thorax pale brown in alatae; cauda pale; antennae, legs and 
cornicles pale with dusky tips; venation slender. 

Structural Characters —Summer viviparae.—Body 1.7 to 2.28; across 
eyes .45 to .47; hind tibiae 1.45 in alata, 1.2 in aptera; hind tarsi .10; 
antennae 3 to 3.50; rostrum attaining 2d. coxae, fore wings 3 to 3.8. 
Hairs blunt to slightly capitate; on vertex .015 long in alata, in aptera 
.025 to .03; on frontal tubercles and antennae .01; on outer side of hind 
tibiae .01 to .02; on side of abdomen .015. Male alate. 


Collections.—On leaves of Crataegus sp. at Denver and Fort 
Collins; fundatrices May 18 to 30, apterous summer viviparae 
July 28 to Oct. 6, alate viviparae July 28 to Sept. 18, males 
Sept. 23 to Oct. 2, oviparae Sept. 23 to Oct. 18; 17 collections; 
rather common. 
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Amphorophora geranii (Gillette and Palmer). 


Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 22, p. 473, 1929. 
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Fic. 212. Amphorophora geranii. 


Color.—Summer viviparae.—Dull green-yellow, mottled with sooty 
or grass-green, alatae with thorax brown; cauda pale; cornicles pale 
basally, dusky distally; antennae dusky except I, II and base of IIT; 
legs pale brownish. 

Structural Characters.—Summer viviparae.—Body 2.6 to 3.65; across 
eyes .65; hind tibiae 2.9; hind tarsi .13; antennae 4; rostrum obtuse, 
attaining 2d. coxae in alata, 3d. coxae in aptera; fore wings 4.5 to 5 
Hairs slightly capitate, on vertex, .04 to .05; on antennae .03 to .04; on 
outer side of hind tibiae .05 to .06; on side of body .05 to .06. 


Collections.—On leaves of Geranium richardsonii, at Boulder 
South St. Vrain Canon, Estes Park, Manitou, Lyons, Poudre 
Canon; apterous viviparae May 29 to Aug. 15; alate viviparae 
June 7 to July 16; 14 collections; rather common. 

Types in U. S. Nat. Mus., Cat. No. 41922; paratypes in 

ollection of Colo. Agr. Exp. Sta. 


Amphorophora grindeliae (Williams). 
Williams, ‘‘Aphid Neb.,’’ Cont. from Dept. Ent. Lincoln, Neb., p. 81, 1910, 
Siphonophora. 


See also Davis, Univ. Stud., Lincoln, Neb., Vol. 11, p. 31, 1911, ‘WZ 2” 
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Fic. 213. Amphorophora grindeliae. 


Color.—Not noted before specimens were mounted. Preserved in 
balsam dusky markings are as follows: entire antennae slightly dusky 
beyond II or base of III; cornicles only slightly dusky at tips; cauda 
and legs pale. 
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Structural Characters —Summer viviparae.—Body 1.70; hind tibiae 
1.2 to 1.3; hind tarsi .11; antennae 2 to 2.30; rostrum attaining between 
Ist. and 2d. coxae in alata, beyond 2d. coxae in aptera. Hairs slightly 
capitate; on vertex .02 to .03 long, on antennae .01, on outer side of 
hind tibiae .015 to .02; on side of body .01. 


Collections.—On leaves of Grindelia squarrosa near Fort 
Collins; apterous viviparae May 20 to June 21 and Sept. 29; 
alate viviparae May 20; 3 collections, rare. 


Amphorophora morrisoni (Swain). 


Swain, Trans. Amer. Ent. Soc., Vol. 44, p. 8, 1918; Univ. Calif. Pub. Tech. Bul. 
Ent., Vol. 3, No. 1, p. 78, 1919, Nectarosiphon. 
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Fic. 214. Amphorophora morrisoni. 


Color.—Apterous summer vivipara.—Green; appendages pale. 

Structural Characters —Apterous summer vivipara.—Body 1.5 to 
1.9; across eyes .43 to .46; hind tibiae 1.45 to 1.50; hind tarsi .13 to 
.15; rostrum attaining first abdominal segment. Hairs blunt or slightly 
capitate, on vertex, antennae and outer side of hind tibiae .02 to .03; 
on side of body .01. 


Collections.—On twigs of Sabina scopulorum at Fort Collins; 


apterous viviparae Aug. 9; only one collection; very rare. 


Amphorophora nervata (Gillette). 


Gillette, Can. Ent., Vol. 40, p. 63, 1908, Rhopalosiphum. Mason, Proc. U. 5S. 
Nat. Mus., Vol. 67, p. 43, 1925. 
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Fic. 215. Amphorophora nervata. 


Color—Summer viviparae.—Pale green; alata with thorax brown; 
antennae somewhat dusky in aptera, black in alata except I, II and 
base of III; tibiae dusky in alata, pale in aptera; cauda and cornicles 
pale basally, dusky distally, especially in alata. Veins black. 

Structural Characters —Summer viviparae.—Body 2.10; across eyes 
AO; antennae 2.5 to 2.9; hind tibiae 1.45; hind tarsi .11 to .13; rostrum 
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attaining 2d. coxae; fore wings 2.8 to 3. Hairs blunt, slightly capitate, 
on vertex .01 in alata, .03 in aptera; on outer side of hind tibiae .015; 
not evident on body. Male alate. 

Collections.—On leaves and twigs of cultivated rose and 
Arctostaphylos uva-ursi at Manitou, Longmont, Eldora, Chero- 
kee Park, Pingree Park, Stove Prairie (above Bellvue), Greeley 
and Fort Collins; fundatrices April 6 to May 12; apterous 
viviparae-May 12 to Oct. 13; alate viviparae May 12 to Oct. 8; 
25 collections; common. 

Types in collection of U. S. Nat. Mus., Cat. No. 26855, 
paratypes in collection of Colo. Agr. Exp. Sta. 


Amphorophora ribiella (Davis), n. comb. 
Davis, Can. Ent., Vol. 51, p. 231, 1911, Macrosiphum. 
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Fic. 216. Amphorophora ribiella. 


Color.—Summer viviparae.—Pale yellow-green; antennae dusky on 
I, II and III and tips of IV and V and entire VI; legs, cornicles and cauda 
pale. Male dark green to dark salmon or reddish brown. 

Structural Characters—Summer viviparae.—Body 2; hind tibiae 
1.5; hind tarsi .11; antennae 2.3 to 3.1; rostrum attaining 2d. coxae 
in alata, surpassing 3d. coxae in aptera; fore wings 3.5 to 4. Hairs 
slightly capitate or blunt; on vertex .02 in alata, .03 to .04 in aptera; 
on antennae .03 to .04; on outer side of hind tibiae .(3 to .04; on side 
of body .08 and numerous in aptera. Male alate. 


Collections —On leaves and twigs of Ribes longiflorum, 
apterous and alate viviparae April 30 to Sept. 25; alate male 
Sept. 12 to Oct. 15; oviparae Oct. 15; 27 collections; common. 

Taxonomy.—This species somewhat resembles Amphoro- 
phora sonchi (Oest.) but is distinguished by longer hairs and 
cornicles and absence of sensoria on IV and V in alate vivipara. 


Amphorophora rubi (Kaltenbach). 
Kaltenbach, Monog. Vol of a 33 p. 24, 1843, Aphis. See also Mason, Proc. 
U. S. Nat. Mus., Vol. 67, p. 52, 1925. 
Color.—Summer viv iceatdi -illics alatae with dusky lateral areas; 
all appendages pale. 
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Structural Characters. —Summer pin arene Pen 2.5 to 3.3; hind 
tibiae 2.5 to 3; hind tarsi .09 to .11; antennae 3.3 to 4.5; rostrum attain- 
ing 2d. coxae. Hairs blunt to slightly capitate; on mn 03 in alata, 
.04 to .05 in aptera; on antennae, .02 to .03; on outer side of hind tibiae 
04 to .05; on side of body .03. Male alate. 


i. a 
‘ Rare SG-9S3 


he Tie} fe 
et trae: 


$3) 


seevie AN ~ a agli Grea im 
oo sigan) | 
Krav 


(84-5 Boceas sone! 


LSS 
IIIS 


JRA ALIERO SOOT S O “ oe tre 
a GaEONS Qo 02S Goo Saar ao 


ne 


osqesoer st 


S69 -Go. 7 — = 
e po a ow , sme 
Amphorophora rubi. 


Collections.—On leaves of Rubus strigosus and sp., at 
Boulder, Eldora, Ward, Poudre Canon, Big Thompson River, 
Ft. Lewis and Ft. Collins; apterous and alate summer vivi- 
parae June 25 to Oct. 12; oviparae Oct. 1 to Nov. 9; males 
Oct. 1; 16 collections; rather common. 

Amphorophora rubicola (Oestlund). 
Oestlund, Geol. & Nat. Hist. Surv. Minn. 14th Rept., p. 27, 1886, Macrosiphum. 

See also Mason, Proc. U. S. Nat. Mus., Vol. 67, p. 58, 1925. 
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Fic. 218. Amphorophora rubicola. 


Color—Summer_ viviparae.—Greenishyellow with median and 
lateral vittae of darker green; cornicles and legs dark; antennae slightly 
dusky with III darker on basal half and at tip; cauda pale; fore wings 
with dusky spot at tip on margin. 

Structural Characters—Summer viviparae.—Body 2.5 to 3; hind 
tibiae 2.3 to 2.86; hind tarsi .11; antennae 2.58 to 3.3; rostrum attaining 
2d. coxae in alata, 3d. coxae in aptera. Fore wings 4. Hairs blunt 
to pointed; on vertex .04 in alata, .05 in aptera; on antennae .(3 to .04; 
on outer side of hind tibiae .05 to .06; on sides of body .04 to .05 in 
aptera. Lateral tubercles present on prothorax and abdominal seg- 
ments 2, 3, 4 and 5. 
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Collections.—On leaves of Rubus strigosus, at Cherokee 
Park and Boulder Canon; apterous and alate viviparae Aug. 
28; males Sept. 25; 2 collections; rare. 


Amphorophora sonchi (Oestlund), n. comb. 


Oestlund, Geol. & Nat. Hist. Surv. Minn. 14th Rept., p. 34, 1886, Rhopalosiphum. 
Mason, Proc. U.S. Nat. Mus., Vol. 67, p. 16, 1925, Amphorophora cosmopolitana 
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Fic. 219. Amphorophora sonchi. 


Color.—Summer viviparae.—Greenish-yellow with dusky lateral areas 
and dorsal patch in alatae; antennae black except base of III in alata, 
slightly dusky in aptera; legs and cauda pale; cornicles slightly dusky. 

Structural Characters —Apterous summer vivipara.—Body 2 to 2.2; 
across eyes .43 to .45; hind tibiae 1.25 to 1.75; hind tarsi .14 to .15; 
antennae 2.4 to 2.73; rostrum surpassing 2d. coxae. Alate vivipara. 
Body 2.5 to 3; across eyes .45 to .49; hind tibiae 1.45 to 1.9; rostrum 
attaining between Ist. and 2d. coxae; fore wings 3.5 to 4. Hairs blunt 
to slightly capitate; on vertex .02, on antennae .01; on outer side of 
hind tibiae .02 to .03; on side of body .01 in aptera, not evident in 
alata. Male alate. 

Collections.—On leaves of Ribes longiflorum and sp., as winter 
host not causing red blisters; on leaves of Sonchus oleraceus 
and Lactuca sp. (wild) as summer host; at Manitou, Colo- 
rado Springs, Ouray and Fort Collins; apterous summer vivi- 
parae on Ribes June 9 to July 2, on Sonchus July 31 to Oct. 
t; alate viviparae on Ribes June 9 to 11 and Sept. 29 to Oct. 
7, on Sonchus July 21 to Oct. 20; oviparae on Ribes Sept. 29 
to Oct. 12; alate males on Ribes and Sonchus Sept. 29 to Oct. 
12; 34 collections; common. 


Amphorophora tigwatensa Hottes. 
Hottes, Proc. Biol. Soc. Wash., Vol. 46, p. 11, 1933. 

Color—Summer viviparae.—Green or pink, alatae with dusky 
lateral areas and head and thorax yellow-brown; antennae dusky except 
base of III; tibiae and cornicles dark brown; cauda pale; veins bordered. 

Structural) Characters —Apterous summer vivipara.—Body 2.85; 
across eyes .57 to .59; hind tibiae 2.9; hind tarsi .12; antennae 3.9 to 
1.8; rostrum attaining nearly to 3d. coxae. Alate vivipara.—Body 
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2.78; across eyes .61; rostrum attaining 2d. coxae. Hairs blunt in 
alata, slightly capitate in aptera; on vertex .03 in alata; .04 in aptera; on 
antennae .02; on outer side of hind tibiae pointed, .03 to .04; on side 
of abdomen .015 to .02. 
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Fic. 220. Amphorophora tigwatensa. 


Collections.—On Rubus sp. at Grand Mesa; apterous summer 
viviparae July 26; a single collection; by F. C. Hottes and 
kindly contributed to the collection of the Colo. Agr. Exp. Sta. 


Genus Bipersona Hottes. 
Hottes, Proc. Bio. Soc. Wash., Vol. 39, p. 115, 1926. 

Characters. — Vertex distinctly convex. Frontal tubercles well 
developed and diverging, exceeding vertex. Antennae 6-jointed. 
Secondary sensoria circular. Cornicles cylindrical, reticulated. Cauda 
with hard portion, beyond body, slender and twisted. Anal plate 
produced ventroposteriorly so as to resemble a cauda. Hairs pointed. 
Lateral tubercles present. Fore wings with mediae twice forked. 
Hind wings with both media and cubitus. Rostrum with terminal 
joint indistinct. Living on leaves and stems of herbaceous plants. 


Genotype Bipersona torticauda (Gillette). 
Gillette, Can. Ent., Vol. 39, p. 389-391, 1907, A phis. 
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Fic. 221. Bipersona torticauda. 
Color.—Summer viviparae.—Brick-red; thoracic lobes in alatae only 
brownish; all appendages dusky to black; wings hyaline; young pale 
yellow; mottled with coral-red. 
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Structural Characters—Apterous summer vivipara.—Body 3.2 to 
3.75; hind tibiae 1.9 to 2; hind tarsi .17 to .20; antennae 2 to 3; rostrum 
acute, attaining Ist. or 2d. abdominal segment. Alate vivipara.— 
Body 2.50 to 3.30; hind tibiae 1.60 to 1.90; hind tarsi .15; antennae 
2.10 to 2.50; cauda .15 hard portion, .27 entire length; fore wings 4. 
Hairs spinelike; on antennae, tibiae and body about .03 long, semi-erect 
and moderately numerous; on cauda .05 to .07 long, straight to curved 
or slightly kinky. Cauda* slender, twisted or corkscrew-shaped, 
bearing about 4 hairs on each side. Anal plate with median caudalike, 
stout, cylindrical, broadly rounded protuberance bearing curved hairs. 
Lateral tubercles present on prothorax and Ist. to 7th. abdominal 
segments. Males apterous.t 


Collections.—On leaves and stems of Cirsium sp. generally 
throughout the state; fundatrices May 13 to 22, apterous 
summer viviparae May 22 to Oct. 27; alate viviparae May 30 
to July 29, sexuales Sept. 27 to Oct. 18; nearly 50 collections, 
found in large numbers, common. 

Types in U. S. Nat. Mus., Cat. No. 42817; paratypes in 
collection of Colo. Agr. Exp. Sta. 


Genus Capitophorus Van der Goot. 
Van der Goot, Tijd. voor Ent., Vol. 56, p. 84, 1913. 

Characters.—Vertex convex. Frontal tubercles distinctly developed, 
exceeding vertex. Antennae 6-jointed, with circular sensoria; first 
joint somewhat gibbous. Hairs on body capitate to funnel-shaped. 
Cornicles elongate, cylindrical or slightly clavate. Cauda tapering 
to parallel-sided or spoon-shaped. Lateral tubercles usually absent. 
Hind tibiae one-half to three-quarters length of body. Ocular tubercles 
inconspicuous. Fore wing with media twice forked; hind wings with 
both media and cubitus. Living exposed on leaves and twigs of 
deciduous plants. 

Genotype A phis carduinus Walker (see below). 


KEY TO SPECIES OF CAPITOPHORUS. 
A. Cornicles cylindrical. 
B. Hairs on antennal II and base of III in apterae globate at tip and 
conspicuous. (Page 153).... ; ....potentillae 
BB. Hairs on antennal II not globate at tip, and not conspicuous. 
C. Cornicles shorter than cauda. (Page 147)..... oa brevinectarius 

CC. Cornicles longer than cauda. 

*Some aphidologists have interpreted this peculiar cauda as a dorsal tubercle 
and the protruding anal plate as the cauda. Examination of specimens in side 
view should verify Gillette’s interpretation. Especially convincing is the study 
of live specimens, in which case honey-dew is seen to emerge just ventrad to the 
corkscrew-shaped structure and on pressure, embryos appear ventrad to the 
broader projection on the ventral edge of which are the gonopophyses. (See 
figures) 

tAlate males mentioned by Gillette in original description proved to be only 
shrivelled viviparae. 
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D. Rostrum with long needle-like tip resembling distinct 5th. joint. 
E. Color green. Appendages pale. (Page 151) heterohirsutus 
EE. Color brown. Appendages dark. (Page 155).. 
DD. Rostrum without long needlelike tip. 
E. Rostral IV + V not longer than base of VI. 
F. Hairs not funnel-shaped. Rostrum obtuse. (Page 152) 
FF. Hairs funnel-shaped. Rostrum acute. 
G. Cauda with 4 dorsal hairs; some of them fingerlike to funnel- 
shaped in apterous viviparae. (Page 153) oestlundi 
GG. Cauda with only a single dorsal hair and that pointed. 
(Page 157) wasatchii 
EE. Rostral IV + V1 
F. Sensoria in alate viviparae 50 on III, 33 to 40 on IV, 8 to 14 0n 
V and unguis 8 times base of VI. (Page 146).......... braggii 
FF. Sensoria in alate viviparae 21 to 30 on III, 13 to 18 on IV, 0 to3 
on V. Unguis 4 to 6 times base of VI. (Page 145)..carduinus 
AA. Cornicles clavate, more or less. 
B. Cauda with less than 3 pairs of lateral hairs. 
C. Hairs on vertex without shaft. 
D. Unguis not longer than antennal III. (Not yet recorded from the 
state.). ree ye eas ae 
DD. Unguis longer than antennal III. 
E. Cornicles subequal to or longer than V (especially in aptera). 
(Page 151).... y longinectarius 
EE. Cornicles shorter than V elongatus 
CC. Hairs on vertex with slender shaft. 
D. Unguis not longer than 4 times base of VI. 
E. Antennae in apterae 5-jointed; alatae with less than 10 sensoria 
on IV. (Page 156) ....Shepherdiae 
EE. Antennae in apterae 6-jointed east 10 sensoria 
on IV. (Page 158) 
DD. Unguis longer than 4 times | 


(Not yet recorded 
gregarius 


D. Body hairs stalked. 
E. Hairs on antennal I and II conspicuous... Hairs evident on 
entire body. ( Page 155). . ee : «a nee 
EE. Hairs on antennal I and II inconspicuous. Hairs not evident on 
dorsum of abdomen anterfor to cornicles. (Page 149). ..gillettei 
DD. Body hairs sessile, not stalked. (Page 153).... ... oestlundi 


{Genotype Capitophorus carduinus (Walker) ]. 
Walker, Ann. Mag. Nat. Hist., Vol. 6, Se. 2, p. 44, 89, 1850, Aphis. For fuller 
description see Van der Goot, Beit. z. Holl. Blattlause, p. 115, 1915. Also 
Theobald, Aphid. Gr. Brit., Vol. 1, p. 250, 1926. 


Fic. 222. Capitophorus carduinus. 


Color.—Summer viviparae.—Pale green to transparent white, 
appendages pale. 

Structural Characters—Summer viviparae.—Body 1 to 2; hind tibiae 
92 to 1; hind tarsi .10; antennae 2.08; rostrum attaining between 
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2d. and 3d. coxae. Hairs capitate; on vertex with globate tips, .06 
long in apterae, .02 in alatae; on antennae and tibiae .02 and sparse; 
on cauda pointed and curved .06 long; on body in apterae globate and 
04 long. Fore wings with media twice forked; hind wings with both 
cub:tus and media. 


Hosts. —Leaves and stems of Carduus sp. Not recorded 
from the state. 

{Data for above description and figures from Theobald and 
P. Van der Goot (loc. cit.) and from specimens sent by the latter.] 


Capitophorus braggii (Gillette). 
Gillette, Can. Ent., Vol. 40, p. 17, 1908, and Jour. Ec. Ent., Vol. 8, p. 375, 1915, 
Mysus. See also Hottes and Frison, Illinois Nat. Hist. Surv. Bul., Vol. 19, 
p. 282, 1931, Capitophorus flaveolus (Walk.) and Van der Goot, Holl. Blattlause, 
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Fic. 223. Capitophorus braggii. 


On Cirsium arvense: . 

Color.—All forms.—Pale yellow, with greenish vittae in apterae, 
with dusky dorsal patch in alatae; all appendages pale. 

Structural Characters —Summer viviparae.—Body 1.9 in aptera, 
1.7 in alata; hind tibiae 1.25; hind tarsi .10; antennae 2.33 to 2.7; 
cauda in aptera .25 hard portion, .28 entire length; rostrum attaining 
2d. or 3d. coxae. Hairs capitate er globate, rather sparse on body, in 
alatae .01 long on vertex, antennae and outer side of hind tibiae; on 
cauda .06, pointed and curved; in apterae .06 to .07 on vertex; slightly 
shorter on body and sparse; .01 on antennae and tibiae. Male alate. 

Collections.—On leaves and stems of Cirsium arvense at 
Fort Collins; fundatrices April 20 to May 2, apterous summer 
viviparae Sept. 20 to Oct. 6, alate viviparae May 22 and Sept. 
24 to Nov. 8, males Oct. 20 to 26; 16 collections; not common 
but rather abundant where occurring. 


On Eleagnus angustifolia: 

This form is distinguishable from the form above described 
only by the shorter antennal measurements and fewer sensoria 
in alate vivipara. The differing points are as follows: Anten- 
nae 2 to 2.43; III .37 to .48; IV .34 to .36; V .28 to .40; VI 
10 to .11 + .75 to .88; cornicle .45 to .55. The cornicle is 
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longer than III instead of subequal as in the specimens from 
Cirsium. Secondary sensoria on alate viviparae range from 
36 to 40 on antennal III, 19 to 30 on IV and 9 to 13 on V. 
This is a slightly smaller number than in the form on Cirsium. 

Collections.—On leaves and stems of Eleagnus angustifolia 
at Fort Collins; fundatrices March 9 to May 4; apterous 
summer viviparae May 1 to 11 and Oct. 31; alate viviparae 
March 17 to June 2 and Sept. 16; oviparae Oct. 12 to 21; 
males Oct. 14 to 31; 14 collections. 

Types in U. S. Nat. Mus., Cat. No. 41946; paratypes in 
collections of Colo. Agr. Exp. Sta. 

Taxonomy.—Our specimens differ from Cap. carduinus in 
longer antennal joints and more numerous sensoria, the form on 
Eleagnus grading closest and the form on Cirsium differing most. 

Cap. braggit has been declared synonymous with Capi- 
tophorus flaveolus Walker by Hottes and Frison, (Illinois Nat. 
Hist. Surv. Bul. Vol. 19, p. 282, 1931), following determination 
by Theobald of specimens sent him. Theobald gives carduinus 
Walk. as a synonym of C. flaveolus Walker. Van der Goot 
(‘‘Holl. Blattlause,’’ Ent. Versuchsta., Salatiga, p. 119, 1915) 
considers C. braggit Gillette as distinct from C. carduinus 
(Walk.) and specimens sent us by him support his statements. 
Theobald’s description (Aphid. Gr. Brit., Vol. 1, p. 250, 1926) 
appears to agree with above-mentioned specimens from Van 
der Goot. Possibly all may belong to one very variable species 
but the subject appears to need further study, especially more 
information as to the range of variation in Walker species. 
So for the present we retain Cap. braggit Gillette for the Ameri- 
can form. 


Capitophorus brevinectarius Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 350, 1933. 
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Fic. 224. Capitophorus brevinectarius. 


Color —Summer viviparae.—Medium green, head and thorax brown 
in alatae; appearing frosted due to funnel-shaped hairs; cauda slightly 
dusky; other appendages blackish except femora pale to brown. Vena- 
tion rather heavy and brown and slightly bordered. 
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Structural Characters —Summer viviparae.—Body to base of cauda 
1.5 to 1.8 in alata, 1.95 to 2.20 in aptera; hind tibiae 1.20 to 1.30; hind 
tarsi .15; antennae 2.75 to 3; III .59 to .65; IV .43 to .53; V .47 to .53; 
VI .14 to .16 + .80 to 1; cornicles .08 to .10, width the same as hind 
tibiae; cauda .25 for hard portion, .30 for entire length; rostrum IV + V 
.14 long, tip beyond hairs needlelike .06 long, attaining 2d. coxae. 
Secondary sensoria flat, 9 to 12 on III, 0 on IV or V. Hairs on vertex 
funnel-shaped with slender shaft, .03 to .04 long; on antennae blunt, 
drooping .01 long, and sparse; on outer side of hind tibiae, pointed 
.02 long; on side of body funnel-shaped, without stalk, .02 long and 
numerous. Lateral tubercles absent. 


Collections.—On leaves and twigs of Artemisia longifolia at 
Chimney Rock; apterous and alate summer viviparae June 
26, 1932; only one collection, but found in large colonies on 
this occasion. Quite agile when disturbed. 

Types in U. S. Nat. Mus., Cat. No. 49294; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is peculiar in the extreme short- 
ness of the cornicles, which are shorter than the hind tarsi 
and hardly a third the length of the cauda, and the funnel- 
shaped hairs on body. 


Capitophorus elongatus Knowlton. 
Knowlton, Can. Ent., Vol. 61, p. 11, 1929. 
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Fic. 225. Capitophorus elongatus. 


Color.—Apterous vivipara.—Apple-green, appearing frosted or pale 
green due to fan or funnel-shaped hairs; antennae and legs pale with 
dusky at tips of joints and entire tarsi; cauda and cornicles pale. 

Structural Characters—Apterous summer vivipara.—Body 2.5 to 
2.9 by .9 to 1, rather slender; hind tibiae 1.2 to 1.3; hind tarsi .13; 
antennae 3.7 to 3.8; rostrum acute but not needlelike, attaining nearly 
to 2d. coxae. Hairs fan or funnel-shaped without stalk on vertex and 
body; on antennae minute, on outer side of hind tibiae blunt .01 long, 
very drooping. Cornicles slightly clavate to nearly cylindrical, with 
flange slightly oblique. Eyes protruding as though set on tubercle. 

Collections —On leaves of Chrysothamnus frigida along the 
Laramie River in Northern Larimer Co.; apterous viviparae 
Aug. 6; 1 collection; rare. 

Taxonomy.—This species appears rather close to Macro- 
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sitphum packi Knowlton, but differs distinctly in the hairs on 
the vertex being fan-shaped instead of slightly capitate, the 
almost invisible hairs on antennae and tibiae, cornicles pale 
instead of black and not longer than three quarters of an- 
tennal III instead of equal or longer and 2 pairs of lateral 
hairs on cauda instead of 3 to 4. 


Capitophorus gillettei Theobald. 


Theobald, Aph. Gr. Brit., Vol. 1, p. 238, 1926. See also Gillette, Jour. Ec. Ent., 
Vol. 8, p. 375, 1915, Rhopalosiphum hippophaes Koch. 
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Fic. 226. Capitophorus gillettet. 


Color—Summer viviparae.—Pale greenishyellow to bluish-green, 
alatae with dusky lateral areas and dorsal patches; antennae and legs 
pale to dusky. Young.—Colorless with red median line. 

Structural Characters—Summer viviparae.—Body 1.2 to 1.3; hind 
tibiae .78 to .95; hind tarsi .10; antennae 1.7 to 2:3; rostrum obtuse, 
attaining 3d. coxae. Alate viviparaw—Same as aptera except the 
following: Cornicles .36 to .42; hind tibiae .92 to 1.1, and rostrum 
attaining only to 2d. coxae. Hairs globate at tips, evident on anterior 
and posterior body segments; on vertex .01 long in alata, .04 to .06 in 
aptera; on antennal I .03 on apterae; on remaining antennal segments 
01 to .02, blunt and very drooping; on hind tibiae .01 to .02 long; on 
cauda .05 long, pointed and curved. Males alate. 


Collections.—On leaves and stems of Hippophae rhamnoides 
and Eleagnus angustifolia as winter host and Polygonum sp. 
as summer host; fundatrices March 9 to May 20, apterous 
summer viviparae June 2 to Oct. 21, alate viviparae May 20 
to Oct. 21; males Sept. 16 to 24; 45 collections, common. 


Capitophorus glandulosus (Kaltenbach). 
Kaltenbach, Ent. Zeit. (Stettin) VII, p. 170, 1846, Aphis. 
Color—Summer viviparae.—Pale bluishgreen, alatae with dusky 
lateral areas; with frosted appearance due to white funnel-shaped 
hairs; appendages pale to slightly dusky. 
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Structural Characters.—Apterous summer vivipara.—Body 1.1; hind 
tibiae .75 to .80; hind tarsi .11; antennae 2 to 2.2; cornicles .40 to .50; 
rostrum attaining between 2d. and 3d. coxae. Alate vivipara.—Body 
1.5; hind tibiae 1 to 1.15; hind tarsi .11; antennae 3; cauda as in aptera; 
rostrum attaining between 2d. and 3d. coxae. Hairs funnel-shaped on 
slender stalk, on vertex .04 to .05 long, on body .03 in both alata and 
aptera; on antennae merely blunt, recumbent, .01 long, same on tibiae, 
.02 long; on cauda, pointed and .04 long. Ocular tubercles rudimentary. 
Lateral tubercles not evident. Males apterous. 


Fic. 227. Capitophorus glandulosus. 


Collections.—On leaves and stems of Artemisia frigida near 
Ft. Collins, Greeley-Poudre Tunnel, Estes Park, Bellvue and 
Boulder; fundatrices March 20 to May 13, apterous summer 
viviparae April 11 to Nov. 26, alate viviparae April 15 to 
Aug. 14; sexuales Oct. 12 to Nov. 26; 27 collections, common 


but difficult to find on account of protective coloration, solitary 
habit and agility in escaping. 


Taxonomy.—This species differs from Macrosiphum artemi- 
sicola (Williams) Univ. Studies, Lincoln, Nebr., Vol. 10, p. 
73, 1910, Siphonophora, and Davis, Univ. Studies, Lincoln, 
Nebr., Vol. 11, p. 26, 1911, in antenna twice as long as body 
instead of ‘‘about as long as body’ and cornicles subequal 
with or slightly longer than antennal IV instead of ‘‘much 
longer,’ and shorter than antennal III instead of ‘‘much 
longer.’’ The Colorado form seems to agree more closely with 
Kaltenbach’s species than does Williams’ form. This makes 
it appear that Williams’ species is distinct. 

The Colorado form of this species differs slightly from the 
European. specimens of apterous viviparae sent by D. H. R. 
Lambers in slightly smaller size in all measurements, excepting 
cornicles and rostrum and in rostrum surpassing 2d. coxae; 
cornicles equalling 3 to 4 times hard portion of cauda. In 
Lambers’ specimens cornicles barely equal 3 times hard portion 
of cauda. The cross-bands on alatae mentioned by Kalten- 
bach have not been observed in Colorado examples. 
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Capitophorus heterohirsutus Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 351, 1933. 
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Fic. 228. Capitophorus heterohirsutus. 


Color.—Summer viviparae.—Pale green, appearing frosted due to 
numerous funnel-shaped hairs; all appendages pale brownish to dusky. 

Structural Characters——Apterous summer vivipara.—Body 1.50; 
hind tibiae .58; hind tarsi .12; antennae 1.27; III .29; IV .19; V .20; 
VI .11 + .35; cornicles .17; cauda .12 for hard portion, .15 for entire 
length; rostrum acute, IV + V .14 long, portion beyond hairs .06 long 
and needlelike, barely attaining 3d. coxae. Hairs on vertex and 
dorsum of body varying from flattened funnel-shape without stalk 
and .015 to .02 long, to cylindrical .03 to .04 long or occasionally pointed 
.07 to .10 long (in young all hairs are pointed); on antennae and outer 
side of hind tibiae pointed, .02 to .03 long. Lateral tubercles not 
evident. Ocular tubercles rudimentary. Terminal pads on tibiae not 
evident. Male apterous. 


Collections.—On leaves and twigs of Artemisia tridentata on 
Sheep Creek in northern Larimer County; apterous summer 
vivipara, Oviparae and males Sept. 17; only one collection, 
but on this occasion numerous, in crowded colonies covering 
one entire young plant. 

Types in U. S. Nat. Mus., Cat. No. 49297; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is peculiar on account of the 
heterogeneous character of the hairs varying from funnel- 
shaped to long and pointed, and the short cornicles which 
are shorter than antennal V. 


Capitophorus longinectarius Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 352, 1933. 
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Fic. 229. Capitophorus longinectarius. 


Color.—Apterous vivipara.—Pea-green, appearing frosted due to 
funnel-shaped hairs; all appendages pale to brownish. 
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Structural Characters—Apterous vivipara.—Body 2.30 to 2.45; hind 
tibiae 1.15 to 1.77; hind tarsi .15; antennae 3 to 4.90; III .70 to .90; 
IV .50 to 1; V .48 to .85; VI .18 to .25 + .70 to 1.45; cornicles .70 to 
1.05; cauda .26 for hard portion, .30 for entire length; rostrum acute, 
IV + V .15 long, tip needlelike .06 long, surpassing 2d. coxae. Second- 
ary sensoria 1 to 2 near base on III, 0 on IV + V. Hairs on vertex 
funnel-shaped with slender stalk .03 to .04 long on tubercle; on antennal 
I funnel-shaped to fingerlike, .02 long; on II slightly smaller; on III 
merely blunt, hardly .01 long, rather numerous; on hind tibiae pointed 
or blunt, .02 long, numerous; on cauda pointed, curved and .08 long; 
on body funnel-shaped, with short stalk to sessile on tubercle, .015 to 
.025 long, very numerous. Tibiae without terminal pad. Lateral 
and ocular tubercles not evident. 

Collections.—On leaves and stems of Artemisia longifolia at 
Chimney Rock; apterous summer viviparae, June 26, 1932; 
one collection. 

Types in U. S. Nat. Mus., Cat. No. 49298; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is peculiar on account of the 
extremely long cornicles, long antennal IV often longer than 
III, and funnel-shaped hairs. 


Capitophorus minor (Forbes) 


Forbes, Thirteenth Rept. St. Ent. Illinois, p. 101, 1884, Siphonophora. See also 
Hottes and Frison, Illinois Nat. Hist. Surv. Bul., Vol. 19, p. 284, 1931. 
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Fic. 230. Capitophorus minor. 


Color.—Summer viviparae.—Pale greenishyellow, alate viviparae 
with dusky dorsal patch and lateral areas; appendages pale basally, 
dusky distally. 

Structural Characters—Summer viviparae.—Body 1.1 to 1.2; hind 
tibiae .60; hind tarsi .08; antennae 1.8; III .33 to .37; IV .17 to .24; 
V .17 to .26; VI .10 to .18 + .49 to .66; cornicles .23 to .30; cauda .08 
hard portion; rostrum attaining 2d. coxae. Ovi ipara.—Same as apterous 
vivipara except hind tibiae which bear sensoria. Hairs capitate; in 
aptera on vertex .04 to .03 long; on antennal I .02; on antennal II to VI 
and outer side of hind tibiae hardly more than blunt, .01 long; on cauda 
pointed, .03 long and slightly curved; on body noticeable only on 
anterior and posterior segments. 


Collections —On leaves and stems of Fragaria sp. at Ft. 
Collins; alate viviparae Sept. 21, apterous summer viviparae 
Oct. 25; sexuales Oct. 25 and Nov. 1; 3 collections, rare. 
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Capitophorus oestlundi Knowlton. 
Knowlton, Can. Ent., Vol. 29, p. 238, 1927. 
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Fic. 231. Capitophorus oestlundi. 


Color—Summer viviparae.—Bluishgreen to apple-green, apterae 
slightly pruinose. 

Structural Characters—Summer viviparae.—Body 1.45 to 1.80; 
hind tibiae .SO to 1; hind tarsi .11 to .13; antennae 2 to 2.65; rostrum 
acute, attaining 2d. coxae in aptera, between 2d. and 3d. in alata. 
Hairs fan-shaped or funnel-shaped to spatulate on body and vertex 
.03 long, numerous and conspicuous in all segments; on antennae and 
tibiae blunt to slightly capitate, very drooping and inconspicuous, 
.01 long. Ocular tubercles inconspicuous. Eyes prominent. 


Collections.—On leaves of Chrysothamnus graveolens and plat- 
tensis; at Kremmling, Grand Junction, Log Cabin, Livermore, 
Wellington, Boulder, LaPorte and Ft. Collins; apterous summer 
viviparae May 31 to Nov. 12, alate viviparae May 31, sexuales 
Oct. 3 to Nov. 29; 12 collections; apparently rather rare. 

For determination of this species we are indebted to G. F. 
Knowlton who determined Colorado specimens sent to him 
and also sent us material of his species for comparison. 


Capitophorus potentillae (Walker). 
Walker, Ann. Mag. Nat. Hist., VI, Sc. 2, 122, 1850. Aphis. 
Hottes & Frison, Illinois Nat. Hist. Surv. Bul., Vol. 19, p. 283, 1931. (Synonymy). 
Cockerell, Can. Ent., Vol. 33, p. 101, 1901, Myzus fragaefoliae. 
Lambers, Stylops, p. 173, 1933. (Synonymy). 
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1G. 232. Capitophorus potentillae 
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On Fragartia sp.: 

Color.—Apterous vivipara.—Pale yellowish or white; appendages 
pale, slightly dusky distally on antennae and legs. 

Structural Characters —Apterous summer vivipara.—Body 1.25 to 
1.30; hind tibiae .76; hind tarsi .09; antennae 1.60; III .40 to .45; 
IV .22 to .26; V .25 to .29; VI .10 + .50 to .55; cornicles .40 to .46; 
cauda .12 for hard portion, .15 for entire length; rostral IV + V .11 
long, attaining 2d. to 3d. coxae. Frontal tubercles well-developed, 
twice as high as vertex. Secondary sensoria in male circular, large and 
slightly convex, 22 to 24 on III, 1 to 7 on IV and on V. Hairs in 
apterae strongly capitate; numerous and conspicuous on entire body; 
on vertex .04; on antennal I, II and III conspicuous .02 to .03, on IV 
and V inconspicuous and .015; on hind tibiae moderately capitate on 
proximal third, .01 long; on cauda, pointed, .04 long and slightly curved. 
Cornicles cylindrical, slightly curved, with slight flange and imbricated. 
Cauda tapering, with tendency to constriction near base with 2 pairs of 
lateral hairs and a single dorsal one near tip. Males alate. 


Collections.—On leaves and stems of Fragaria sp. at Fort 
Collins; apterous summer viviparae July 16, sexuales Oct. 24; 
2 collections, rare. 


On rose (cultivated): 

Color—Summer viviparae.—Pale green, alatae with dark dorsal 
patch and lateral areas; legs and antennae pale to slightly dusky. 

Structural Characters—Summer viviparae.—Body 1.9 to 2; hind 
tibiae 1 to 1.1; hind tarsi .10; antennae 1.6 to 2.12; rostrum obtuse, 
hardly attaining 2d. coxae. Hairs as in form described on Fragaria. 
Ocular tubercles and lateral tubercles present. 





Collections —On leaves and stems of rose at Fort Collins, 
Boulder and Manitou; fundatrices May 24, apterous summer 
viviparae May 26 to Oct. 31; alate viviparae June 2 to Nov. 1, 
sexuales Sept. 29 to Nov. 5; 22 collections, fairly common. 

On Potentilla the specimens differ in somewhat shorter 
antennal joints and cornicles, excepting unguis of antennal 
VI which usually exceeds length of III, while III exceeds the 
unguis in the rose form. 

Taxonomy.—Our forms on Potentilla, wild rose and Fragaria 
seem to agree except in length and proportions of antennal 
joints and cornicles, however intergrading forms occur so that 
no definite distinctions can be made. This species is dis- 
tinguished from Cap. minor Forbes chiefly by the conspicuous 
capitate hairs on first 2 or 3 antennal joints and on entire 
dorsum, while Forbes’ species shows conspicuous capitate hairs 
only on anterior and posterior portions of body and not on 
antennal joints. 
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Capitophorus pullus Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 353, 1933. 
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Fic. 233. Capitophorus pullus. 


Color—Summer viviparae.—Medium brown, head and thorax dark 
brown in alatae, (cleared specimens show slight traces of dorsal dashes) 
cauda and antennae dusky to black; cornicles black; veins of fore wings 
heavy. 

Structural Characters—Alate vivipara.—Body 2; hind tibiae 1.05 
to 1.18; hind tarsi .16; antennae 1.95 to 2.05; III .44 to .49; IV .34 to .37; 
V .30 to .385; VI .14 + .60; cornicles .33 to .42; cauda .15 for hard 
portion, .20 entire length; rostrum acute; IV + V .17 long, tip needle- 
like, .06 long, attaining barely to 2d. coxae. Apterous vivipara——Same 
except slightly shorter antennae and tibiae. Central ocellus on vertex 
in alata apparently ventrally placed. Secondary sensoria in alatae 
nearly flat, 6 to 9 in number on III, 0 on IV or V; in apterae 1 to 2 on 
III, 0 on IV or V. Hairs on vertex cylindrical to slightly funnel-shaped, 
without stalk and .03 long in alatae; with stalk and .04 to .05 long in 
aptera; on antennae blunt to pointed, .01 to .02 long; on outer side of 
hind tibiae pointed .02 to .04 long in alata, .04 to .05 long in aptera; on 
side of abdomen funnel-shaped without stalk to cylindrical, .01 to .04 
long. Ocular tubercles rudimentary. Terminal pad on tibiae very 
inconspicuous. 


Collections.—On leaves of Artemisia longifolia at Chimney 
Rock; apterous and alate viviparae June 26, 1932; quite 
plentiful. 

Types in U. S. Nat. Mus., Cat. No. 49293; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is peculiar on account of the 
brown color and two kinds of hairs on head. 


Capitophorus ribis (Linnaeus). 
Linnaeus, Syst. Nat., Ed. 10, p. 451, 1758, Aphis. For fuller description see 

Theobald, Aphid. Gr. Brit., Vol. 1, p. 229, 1926. 

Color.—All forms.—Pale greenishyellow, alata with dusky lateral 
areas and dorsal patch; cauda and cornicles pale; antennae entirely 
dusky in alata, pale except tips of joints in aptera; tibiae pale to 
brownish. Veins slender. 
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Structural Characters —Summer viviparae.—Body 1.60 to 1.80; 
across eyes .44; hind tibiae 1.40 to 1.55; hind tarsi .10; antennae 2.60; 
cauda .10 hard portion, .13 entire length; rostrum obtuse, attaining 
2d. coxae in alata, 3d. coxae in aptera. Hairs capitate with slender 
stalk and globate tip on vertex and body, .03 long in alata, .07 to .09 
in aptera; on antennal I and II .04 to .06 long, on III, IV and V merely 
blunt, .01 to .015 long in alata, .02 in aptera, rather sparse; on outer 
side of hind tibiae the same and .02 long in alata and .03 in aptera. 
Ocular tubercles present. Lateral tubercles not evident. Male alate. 
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Fic. 234. Capitophorus ribis. 


Collections.—On leaves of Ribes rubrum, longiflorum, and 
sp. for winter hosts, causing puffed red blisters on the upper 
surface of the leaves; on leaves of Stachys palustris and Leonurus 
cardiaca as summer host, in Estes Park, Boulder, Cherokee 
Park, Meeker, Ouray, Lyons and Ft. Collins; fundatrices May 
29 and 30, apterous summer viviparae on winter host May and 
June and on summer host June 24 to Nov. 5; alate viviparae 
on winter host May 30 to July 29, on summer host June 24 
to Nov. 11; oviparae on winter host Oct. 6; males on summer 
host Sept. 18 to Nov. 11 and winter host Oct. 27 to Nov. 1; 
about 50 collections; common. 


Capitophorus shepherdiae Gillette and Bragg. 
Gillette and Bragg, Ent. News, Vol. 27, p. 445, 1916. 
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Fic. 235. Capitophorus shepherdiae. 
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Color.—Summer viviparae.—Pale yellowishgreen to greenishyellow, 
aptera with transverse dashes of darker green, alata with quadrate 
dorsal patch and three lateral areas on abdomen; cauda pale; antennae, 
legs and cornicles pale, becoming dusky distally. 

Structural Characters.—Apterous summer vivipara.—Body 1.3 to 1.4; 
hind tibiae .45 to .50; hind tarsi .08; antennae .65 to .70, 5-jointed; 
rostrum acute, tip rather needlelike, attaining between 2d. and 3d. 
coxae. Alate vivipara.—Body 1.3 to 1.5; hind tibiae .85; hind tarsi 
OS to .09; antennae 1.1 to 1.2; rostrum attaining between Ist. and 
2d. coxae. Hairs conspicuously capitate, globate to slightly funnel- 
shaped, quite numerous on entire dorsum in aptera; on vertex .05 in 
aptera and .02 in alata; on antennal I .015 and capitate in aptera, .01 
and blunt in alata; on remainder of antennae and on outer side of hind 
tibiae, blunt, .01, drooping and very sparse. Male alate. 


Collections —On leaves and twigs of Shepherdia argentea, 
Eleagnus angustifolia and Hippophae rhamnoides near Ft. Collins 
and LaPorte; fundatrices April 25 to May 12; apterous sum- 
mer viviparae June 16 to Oct. 23; alate viviparae June 4 to 
19 and Sept. 16 to Oct. 8; sexuales Sept. 28 to Oct. 23; 20 
collections; not rare. Found associated with Capitophorus 
gillettet Theobald, Capitophorus braggit (Gill.) and Capito- 
phorus xanthii (Oestlund). 

Types in U. S. Nat. Mus., Cat. No. 41938; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is easily distinguished from the 
first two above-mentioned associated species on these hosts 
by the shorter antennal unguis which is shorter than cornicles, 
clavate cornicles and conspicuous and numerous capitate hairs 
over entire dorsum in aptera. From Capitophorus xanthit 
(Oestlund) it is distinguished by antennae hardly longer than 
half body in aptera, unguis shorter than antennal III and not 
over 3 times base of VI, cauda not with acute tip and cornicles 
shorter than .50 in alata and shorter than .60 in aptera. 


Capitophorus wasatchii Knowlton. 
Knowlton, Can. Ent., Vol. 59, p. 238, 1927. 


Color.—Apterous summer vivipara.—Pale green, appearing frosted 
due to capitate hairs; antenna dusky distally; cauda, cornicles and legs 
pale to slightly dusky. Ovipara with swollen portion of hind tibiae 
blackish. 

Structural Characters.—Apterous summer vivipara.—Body 1.75 to 2; 
across eyes .47 to .50; hind tibiae .95 to 1.05; hind tarsi .13 to .14; 
antennae 2.40 to 4; rostrum acute but not needlelike at tip, surpassing 
2d. coxae. Hairs on vertex and dorsum of body funnel-shaped and 
without distinct shaft, .02 long and numerous; on antennae and tibiae 
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blunt and .01 or less in length; on cauda pointed, curved and .06 long; 
on venter simple. Male alate. 
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Fic. 236. Capitophorus wasatchii. 


Collections.—On leaves of Chrysothamnus frigidus, Laciniaria 
punctata, Artemisia dracunculoides and Gaertneria tomentosa* 
at Bellvue, LaPorte, Boulder, Sand Creek Pass and Fort 
Collins; apterous summer viviparae May 20 to Oct. 14, alate 
viviparae May 22 to June 22, sexuales (on Gaertneria and 
Artemisia) Oct. 8 to 14; 7 collections; not common. 

Taxonomy.—This species differs from the original descrip- 
tion in slightly longer cornicles and antennal III, and slightly 
shorter unguis. From Capitophorus oestlundi Knowlton it 
differs in the longer cornicles and fewer and always pointed 
hairs on cauda. From Capitophorus glandulosus Kalt. it differs 
in slightly shorter cornicles (shorter than III), hairs on vertex 
not with stalk, cauda longer than base of VI and not acute 
and tip of rostrum not needlelike. 


Capitophorus xanthii (Oestlund). 
Oestlund, Geol. and Nat. Hist. Surv. Minn., 14th Rept., p. 36, 1886, Siphocoryne; 
and Ibid., Bul. 4, p. 71, 1887, Siphocoryne. 

Color—Summer viviparae.—Pale greenishyellow with bands of 
grass green, broken in apterae and forming dorsal patch in alatae; all 
appendages pale to slightly dusky. Larval alatae in autumn with 
conspicuous red dorsal blotch. 

Structural Characters.—Apterous summer vivipara.—Body 1.7 to 2; 
hind tibiae .80 to .90; hind tarsi .10; antennae 1.05 to 1.25; rostrum 
attaining 2d. coxae. Alate vivipara——Body .95 to 1.50; hind tibiae 
85 to .97; antennae 1.20 to 1.50; rostrum attaining nearly to 2d. coxae. 
Hairs capitate or slightly funnel-shaped at tip, with slender stalk; in 
aptera on vertex .04, on antennal I and II .01, hardly visible on remaining 


*A collection of oviparae on Mentzelia and one on Ambrosia artemisiaefolia 
closely resemble this species. The material is not sufficient to make a positive 
determination. 
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joints, on tibiae capitate to blunt and .015, on cauda pointed, .04 long, 
on body .03 and funnel-shaped without stalk; not numerous or con- 
spicuous, in alata very slightly capitate, on vertex, body, antennae and 
tibiae .01 to .015. Ocular tubercles small. Lateral tubercles absent. 
Male alate. 
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Fic. 237. Capitophorus xanthii. 


Collections.—On under side of leaves of Xanthium canadensis 
as summer host and Hippophae rhamnoides as winter host, 
generally throughout the state; apterous cones viviparae 
June 29 to Nov. 2 and alate viviparae June 22 to Sept. 29 on 
summer host, males on both hosts Sept. 21 to Oct. 5, oviparae 
on winter host Oct. 5; 34 collections, common. 

Taxonomy.—This species is very similar to Capitophorus 
shepherdiae Gillette and Bragg with which it is associated on 
the winter host. The sexuales of the two species are dis- 
tinguished by the same characters as the viviparae, namely 
the longer unguis longer than antennal III and exceeding 3 
times base of VI in xanthii, and shorter than IV and less than 
3 times base of VI in shepherdiae; and longer cornicles and 
more acute cauda in xanthit. 


Genus Kakimia Hottes and oe 
Hottes and Frison, Illinois Nat. Hist. Surv. Bul., Vol. 19, 344, 1931, Mysus 

(Kakimia) 

Characters —Vertex convex. Frontal tubercles poorly developed, 
hardly exceeding vertex, aphislike. Antennae 6-jointed, as long or 
longer than body. Secondary sensoria subcircular, numerous and 
more or less tuberculate on antennal joint III and often also on IV and 
Vinalata. Hairs distinctly but not conspicuously capitate; on antennae 
and tibiae length subequal with diameter of joint bearing them, rather 
numerous. Cornicles cylindrical or subvasiform. Cauda medium in 
size, usually with slight constriction but sometimes tapering, rather 
aphislike. Lateral tubercles inconspicuous. Ocular tubercles present. 
Fore wings with media twice branched; hind wings with both media 
and cubitus. 

Genotype, Myzus (Kakimia) thomasi Hottes and Frison (see below). 
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KEY TO SPECIES OF KAKIMIA. 


A. Hind tarsi as long as cauda. 
B. Hind tarsi longer than twice rostralIV + V. (Page 167).......... tutigula 
BB. Hind tarsi shorter than twice rostral IV + V. (Page 168)...... wakinkae 
AA. Hind tarsi shorter than cauda. 
B. Hind tarsi longer than rostral IV + V. Aptera dusky posteriorly. 
RRR Sos cones kita stron vont (ncn bas ams eoaeeeaLeesee purpurascens 
BB. Hind tarsi shorter than rostral IV + V. Aptera not dusky posteriorly. 
C. Cornicles at least 6 times as long as hind tarsi. (Page 165)...polemonii 
CC. Cornicles shorter than 6 times as long as hind tarsi. 
D. Cornicles 4 or more times hind tarsi. 
E. Hairs on antennal III as long as diameter of III. Sensoria 
absent on IV in alate and apterous viviparae. (Page 161)...cerei 
EE. Hairs on antennal III shorter than diameter of III. Sensoria 
always present on IV in alata and sometimes in aptera. 


SII or 9 tcc Seovatar tne eee ME ra had i i aa ee takala 
DD. Cornicles shorter than 4 times hind tarsi. 
E. Cornicles bearing a few hairs. (Page 165)................ potentillae 


EE. Cornicles without hairs. 
F. Unguis shorter than 1.25 times III. (Page 164)....houghtonensis 
FF. Unguis longer than 1.25 times III. 

G. Cornicles dusky, usually shorter, never longer than half of 
unguis; dorsum rarely with dorsal patch in alata, never in 
aptera. 

H. Not on Ribes. (Page 160) 

HH. On Ribes. 

I. Aptera without sensoria on antennal IV and V. (Page 162), 
cynosbati 
II. Aptera with sensoria on antennal IV and V. (Page 160), 
thomasi 
GG. Cornicles pale, usually longer than half of unguis; con- 
spicuous dorsal patch always present in alata and aptera. 
(3 ee alr d Lie ee Rh cnted eee Pe essigi 


[Genotype Kakimia thomasi Hottes and Frison.] 
Hottes and Frison, loc. cit. 

Characters—Summer viviparae.—Light green, without markings; 
antennae, tibiae, cornicles and cauda slightly dusky. 

Structural Characters —These fall within the limits of variations 
given in description below for Kak. cynosbati Oestlund and agree in 
generic characters with Kak. houghtonensis according to statement by 
Hottes and Frison, differing, however, in the presence of sensoria on 
antennal IV and V in apterae (34 on III, 7 on IV and 3 on V). 

HIost—On leaves of Ribes sp. |Description from data 
taken from description by Hottes and Frison (loc. cit.) and 
examination. of type specimens kindly loaned by them.] Not 
recorded from the state. 


Kakimia alpina (Gillette and Palmer), n. comb. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 21, p. 18, Myzus. 
Characters.—Similar and apparently indistinguishable from the 
Colorado form herein described as Kakima cynosbati Oestlund. 
Collections.—On leaves and stems of Pedicularis bracteosa, 
Castilleia sp. and Orthocarpus luteus, in Pingree Park (alt. 
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9,000 ft.); apterous summer viviparae Aug. 18 to 24; alate 
viviparae Aug. 18 to 26 (after this date all become alate); 
alate males Aug. 26; 6 collections; plentiful but difficult to 
find on account of position in leaf axils. 

Types in U. S. Nat. Mus., Cat. No. 41469; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This form seems to differ from our K. cynosbati 
(Oest.) only in host plants and habits. On the Orthocarpus, 
at least, only alate viviparae and alate males are found at the 
end of summer, suggesting the possibility of migrating to another 
host, possibly Ribes. However, attempts to transfer fall alatae 
to Ribes have not yet been successful. The Ribes leaves 
appeared to possess no attraction whatever. It accordingly 
seems best to leave the two forms stand as separate species 
for the present. 


Kakimia cerei Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 354, 1933. 
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Fic. 238. Kakimia cerei. 

Color.—All forms.—Pale yellow without markings, alata with head 
and thorax brown; cauda and cornicles pale to slightly dusky; antennae 
pale on I, II and base of III, dusky distally; tibiae dusky in alata, pale 
in aptera. 

Structural Characters.—Alate vivipara.—Body to base of cauda 1.80; 
across eyes .42; hind tibiae 1.25 to 1.7; hind tarsi .09; antennae 2.2; 
III .55 to .80; IV .33 to .48; V .34 to .40; VI .10 to .12 + .60 to .70; 
cornicles .385 to .45; cauda .15 to .20 for hard portion, .20 to .25 for 
entire length; rostral IV + V .17 to .19, attaining 3d. coxae. Apterous 
summer vivipara.—Body 1.7 to 2; hind tibiae 1.20 to 1.60; hind tarsi 
.O8 to .09; antennae 1.8 to 2.23; up. 50 to .65; IV .30 to .40; V .26 to .33; 
VI.10 to .12 + .43 to .58; cornicles .40 to .50; cauda .20 for hard portion, 
.25 for entire length. Secondary sensoria somewhat tuberculate, 30_to 
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60, scattered along entire III, 0 on IV or V in alata, in apterous vivipara 
7 to 17 on basal half of III; in ovipara 0 to 3 on III. Hairs blunt to 
slightly capitate; on vertex, antennae, outer side of hind tibiae and side 
of abdomen .03 to .04 long and nearly erect. Lateral tubercles not 
evident. Male alate. 

Collections—On under side of terminal leaves of Ribes 
cereum and sp., curling them tightly, near Estes Park, Cherokee 
Park, Boulder, Poudre Canon, Stove Prairie Hill near Bellvue 
and foothills near Ft. Collins; apterous summer viviparae 
June 30 to Sept. 23, alate viviparae June 16 and July 15; 
Oviparae Sept. 23; males Aug. 15 and Sept. 23. 

Types in U. S. Nat. Mus., Cat. No. 49295; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species resembles Kakimia alpina G. and 
P. but differs in absence of sensoria on antennal IV and V in 
alate viviparae, hairs being slightly longer and more erect, 
cornicles in apterous viviparae being almost as long as unguis 
instead of less than half, in alata longer than one-third unguis, 
unguis not longer than III and dorsum always without dusky 
markings. From Kakimia houghtonensis, which curls leaves 
of gooseberry, it differs in the much longer cornicles 3 to 4 
times base of antennal VI, more numerous antennal sensoria 
and somewhat longer hairs on vertex and antennae. 


Kakimia cynosbati (Oestlund), n. comb. 
Oestlund, Geol. & Nat. Hist. Surv. Minn. Bul. 4, p. 81, 1887, Nectarophora. 
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Fic. 239. Kakimia cynosbati. 


Color.—Apterous summer vivipara.—Yellow to pale green with 
all appendages pale. Alate vivipara.—Pale green; immaculate occa- 
sionally, usually with dusky lateral areas; often with dorsal bands 
which may be solid or broken, or occasionally coalesced into a dusky 
dorsal patch. Legs, antenna except base of III, cauda and cornicles 
dusky. 

Structural Characters —Summer viviparae.—Body 1.5 to 3.1; hind 
tibiae 1.15 to 1.7; hind tarsi .09 to .12; antennae 2 to 3; rostrum attaining 
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or surpassing 2d. coxae in alata, attaining 3d. coxae in aptera. Hairs 
slightly capitate; on vertex .02 to .04; on antennae .02 to .035; on outer 
side of hind tibiae .025 to .045; on side of body .02 in alata, .03 to .04 
in aptera. Lateral tubercles present on abdominal segments. Male 
alate. 

Collections —On leaves of Ribes longiflorum, Ribes saxosum, 
occasionally on Ribes sanguineum, and grossularia, at Cherokee 
Park, Log Cabin, Estes Park, Idaho Springs and Ft. Collins; 
fundatrices from April 14 to May 15, apterous summer viviparae 
May 22 to Oct. 25; alate viviparae April 23 to Nov. 1; sexuales 
Sept. 18 to Nov. 1; over 50 collections; common. 

Taxonomy.—This species differs from Oestlund’s descrip- 
tion and metatypes sent us by Dr. Oestlund; in the usual 
presence of dorsal dusky markings on abdomen of alate vivi- 
parae in all months during which collections were made. 
Specimens sent Dr. Oestlund were determined by him as his 
species with the suggestion that the markings might represent 
varieties. Our specimens were taken mostly on Ribes longi- 
florum and his on Ribes cynosbati and this may indicate food- 
plant variations. 

Considerable variation in different characters exists in the 
Colorado form alone but repeated attempts with about 200 
specimens to separate it into 2 or more species, have failed, 
due to lack of correlation between the variations of the 
different characters as well as to the gradual intergrading 
of intensity of characters. No definite lines of distinction 
could be drawn so the group is tentatively left as one variable 
species. It is here placed under cynosbati Oestlund on account 
of occasional specimens which agree with Minnesota specimens. 
This prevents the drawing of any distinguishing line for separa- 
tion of our species. If the Colorado form is specifically distinct 
it should perhaps be placed under K. alpina G. and P., but 
biological evidence of acceptance of the same hosts has not 
yet been obtained. 


Kakimia essigi (Gillette and Palmer), n. comb. 

Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 22, p. 30, 1929, Myzus, new name 
for Myzus aquilegiae Essig, Univ. Calif. Pub. Ent., Vol. 1, p. 314, 1917. 
Color.—Summer viviparae.—Pale yellow-green to straw-yellow with 

patch of shining black on dorsum of abdominal segments 2 to 5 and 

median portion of 5, and usually with broken dashes on remaining 
abdominal segments; alata also with dark lateral areas; antennae dusky 
except base of III in alata, pale in aptera; cauda, cornicles and legs pale. 
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Structural Characters—Summer viviparae.—Body 2.5; hind tibiae 
1.6 to 2; hind tarsi .11; antennae 2.10 to 2.5; rostrum attaining 3d. 
coxae in aptera, between 2d. and 3d. coxae in alata. Hairs slightly 
capitate; on vertex .03 in alata, .045 in aptera; on outer side of hind 
tibiae .03 to .04; on side of body .04 in aptera, not evident in alata. 
Male alate. 





Fic. 240. Kakimia essigi. 


Collections.—On leaves of Agquilegia coerulea, also on pink 
columbine; in Longmont, Pingree Park, Boulder, Ft. Collins 
and nearby foothills; alate and apterous viviparae June 12 to 


? 


Nov. 29; sexuales Oct. 3 to Nov. 29; 25 collections; common. 


Kakimia houghtonensis (Troop). 
Troop, Ent. News, Vol. 17, p. 59, 1906, Aphis. See also Davis, Can. Ent., Vol. 51, 
I I p ‘ : 
p. 232, 1919, Myzus; and Baker, Jour. Ec. Ent., Vol. 12, p. 433, 1919, Aphis. 





Fic. 241. Kakimia houghtonensis. 


Color—Summer viviparae.—Pale yellow-green to straw-yellow; all 
appendages pale excepting antennae in alatae, which are slightly dusky 
throughout. 

Structural Characters—Summer viviparae.—Body 1.3 to 1.7; hind 
tibiae .85 to .90; hind tarsi .OS; antennae 1.2 to 1.3 in aptera, 1.35 to 1.5 
in alata; rostrum attaining 2d. coxae in alata and 3d. coxae in aptera. 
Hairs slightly capitate; on vertex .025 in alata, .04 to .05 in aptera; on 
antennae .02 to .03; on outer side of hind tibiae .02 to .03 in alata, 
.03 to .04 in aptera; on side of abdomen .03 in alata, .05 in aptera. 


Collections —On terminal leaves of Ribes grossularia, curling 
them tightly, at Ft. Collins; apterous summer viviparae Aug. 
21; alate viviparae June 20; 2 collections; rare. 
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Kakimia polemonii (Gillette and Palmer), n. comb. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 22, p. 471, Myzus. 
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Fic. 242. Kakimia polemonii. 


Color.—Alate vivipara.—Light green, darker on dorsomedian 
portion of abdomen; thorax dark brown to black; cauda and cornicles 
pale; antennae black throughout; legs brownish; cauda and cornicles 
pale. 

Structural Characters—Summer viviparae.—Body 2.6 in alata, 3 in 
aptera; hind tibiae 2; hind tarsi .09 to .10; antennae 2.6 in aptera, 3 in 
alata; rostrum attaining 2d. coxae in alata. Hairs slightly capitate; on 
vertex .025 to .03; on antennae .03; on outer side of hind tibiae .04; on 
side of body in alata .03, in aptera .05 to .06. Male alate. 


Collections.—On leaves of Polemonium speciosum, at Chero- 
kee Park, Estes Park and Glen Haven; apterous summer 
viviparae (very scarce) Sept. 20; alate viviparae June 26, 
Aug. 4 and Sept. 20; males Sept. 20; 3 collections; abundant 
when taken but not often found. 

Types in U. S. Nat. Mus., Cat. No. 41920; paratypes in 
collection of Colo. Agr. Exp. Sta. 


Kakimia potentillae (Williams), n. comb. 


Williams, Univ. Studies, Lincoln, Neb., Vol. 10, p. 65, 1910, Myzus. See also 
Davis, Univ. Studies, Lincoln, Neb., Vol. 11, p. 23, 1911, Myzus. 


Fic. 243. Kakimia potentillae. 


Color. — Summer viviparae. Greenishyellow to lemon-yellow, 
shining; alate with thorax yellow-brown; antennae dusky except base 

III; legs pale brownish; cornicles and cauda pale. Veins blackish 
and heavy. 
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Structural Characters—Summer viviparae.—Body 1.8 to 1.9; hind 
tibiae 1.05 to 1.35; hind tarsi .10; antennae 1.6 to 2.4 in aptera, 2 to 2.4 
in alata; rostrum attaining 3d. coxae in aptera, 2d. coxae in alata. 
Hairs slightly capitate; on vertex .02 in alata, .04 to .06 in aptera; on 
outer side of hind tibiae .02 to .03 in alata, .04 in aptera; on side of body 
.03 to .04 in alata, .05 to .06 in aptera. Cornicles bearing from 1 to 3 
hairs. 


Collections.—On leaves of Potentilla sp., at Log Cabin and 


foothills near Ft. Collins; apterous summer vivipara May 26 
to July 27; alate viviparae July 27; 2 collections; not common. 


Kakimia purpurascens (Oestlund), n. comb. 


Oestlund, Geol. and Nat. Hist. Surv. Minn. Bul. 4, p. 81, 1887, Nectarophora. 
See also Hottes and Frison, Illinois Nat. Hist. Surv. Bul., Vol. 19, p. 318, 1931, 
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Fic. 244. Kakimia purpurascens. 


Color.—Summer viviparae.—Apple-green to yellowish-green to pale 
olive-green; marked with brownish between cornicles, on median line 
of segment 5, and dorsolaterally on 3, 4 and 5, especially conspicuous 
in aptera; alata with head and thorax light brown, prothorax light 
green; antennae and cornicles slightly dusky, especially distally; cauda 
and legs pale. 

Structural Characters —Summer _ viviparae. Body 2 to 2.3; hind 
tibiae .95 to 1.35; hind tarsi .13 to .15; antennae 2 to 2.5 in alata, 1.7 to 
2.7 in aptera; rostrum nearly attaining 2d. coxae. Hairs slightly 
capitate; on vertex .01 to .02; on antennae .01 to .015; on outer side 
of hind tibiae .02 to .03; on side of body .01. Male alate. 


Collections.—On leaves of Thalictrum sp.; near Ft. Collins; 
fundatrices May 20; apterous summer viviparae May 20 to 
June 29; alate viviparae June 16 to 28, sexuales June 29; 4 
collections; not common. 


Kakimia takala Hottes, n. comb. 
Hottes, Proc. Biol. Soc., Wash., Vol. 46, p. 21, 1933, Dactynotus (Kakimia). 
Color—Summer viviparae.— Yellowishgreen; cauda and _ tibiae 
light brown; cornicles pale to dusky; antennae light dusky with base of 
III pale. Veins dark and bordered. 
Structural Characters Summer viviparae.—Body 2 to 2.4; across 
eyes .48; hind tibiae 1.1; hind tarsi .07; antennae 1.6 to 2 in aptera, 
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1.8 to 2.24 in alata; rostrum attaining 3d.coxae. Hairs slightly capitate; 
on vertex .03; on antennae .02 to .03; on outer side of hind tibiae .03 in 
alata, .04 in aptera; on side of body .03 in alata, .04 in aptera. 
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Fic. 245. Kakimia takala. 


Collections.—On leaves of Gilia aggregata at Whitewater; 
apterous and alate summer viviparae July 8, collected by F. 
C. Hottes. [Data for description from Hottes (loc. cit.) and 
from specimens loaned and contributed by him to the collection 
of the Colo. Agr. Exp. Sta.] 


Kakimia tutigula Hottes, n. comb. 
Hottes, Proc. Biol. Soc. Wash., Vol. 46, p. 21, 1933, Dactynotus. 
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Fic. 246. Kakimia tutigula. 


Color—Summer viviparae.—Pale yellow-green, alata with head and 
thorax brown and dusky lateral areas on abdomen; pulverulent; antennae 
dusky except base of III; tibiae and cornicles light brown; cauda pale. 

Structural Characters —Summer viviparae.—Body 2.3 to 2.6; across 
eyes .56; hind tibiae 1.8 to 2; hind tarsi .24; antennae 2.5 to 3 in aptera, 
2.74 to 3.2 in alata; rostrum not attaining 2d. coxae in alata, attaining 
2d. coxae in aptera. Lateral tubercles present but inconspicuous on 
prothorax; minute on abdomen. Hairs pointed to blunt, hardly capi- 
tate; on vertex .02 in alata, .03 to .04 in aptera; on antennae .02; on 
outer side of hind tibiae .03 to .04; on side of body .03 in aptera, not 
evident in alata. 

Collections —On Capnoides sp., at Grand Mesa, alate and 
apterous viviparae July 26, collected by F. C. Hottes. [Data 
for description from Hottes (loc. cit.) and from specimens 
loaned and contributed by him to the Colo. Agr. Exp. Sta. 
collection. ] 
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Kakimia wahinkae (Hottes), n. comb. 
Hottes, Proc. Biol. Soc. Wash., Vol. 46, p. 19, 1933, Dactynotus. 
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Fic. 247. Kakimia wahinkae. 





Color.—Summer viviparae.—Shining green-bronze; alata with thorax 
brown; abdomen with broken dorsal dashes, and with lateral areas; late 
fall forms occasionally bright reddishorange; antennae dusky except 
base of III; cornicles and cauda slightly dusky; tibiae brown; veins 
blackish, bordered and tipped. 

Structural Characters—Summer viviparae.—Body 1.8 to 2.3 in 
alata; 2.2 to 2.9 in aptera; across eyes .50; hind tibiae 1.7 to 2.2; hind 
tarsi .18 to .20, rostrum hardly attaining 2d. coxae in alata, surpassing 
2d. coxae in aptera. Hairs blunt; on vertex and antennae .06; on 
outer side of hind tibiae .04 to .05 in alata, .05 to .06 in aptera; on side 
of body .04 in alata, .OS in aptera. 


Collections —On Delphinium occidentale, and Aconitum 
columbianum, Grand Mesa; alate and apterous viviparae Aug. 
15, collected by F. C. Hottes. [Data for description from 
Hottes (loc. cit.) and from specimens loaned and contributed 
by him to the collection of the Colo. Agr. Exp. Sta.] 


Genus Macrosiphum Passerini. 
Passerini, Gli Afidi, p. 27, 1860. 

Characters —Vertex concave or but slightly convex at center. 
Frontal tubercles prominent and diverging. Antennae 6-jointed, 
long or longer than body. Sensoria subcircular, usually with narrow 
margins. Cornicles cylindrical, usually long. Cauda long, tapering to 
cylindrical. Hairs blunt or slightly capitate at tip; on antennae and 
tibia not (or rarely) distinctly longer than diameter of joint bearing 
them. Anal plate rounded. Hind tibiae two-thirds to subequal with 
body length. Rostrum with terminal or 5th. joint indistinct. Lateral 
tubercles not evident. Ocular tubercles present. Fore wings with 
media twice branched; hind wings with both media and cubitus present. 
Male usually alate. Ovipara apterous. Living exposed on leaves and 
twigs of deciduous plants. 


Genotype, Aphis rosae Linnaeus (see below). 
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KEY TO SPECIES OF MACROSIPHUM. 


A. Cornicles not reticulated. 
B. Cornicles longer than 1.5 times III. (Page 188) macrosiphum 
BB. Cornicles not distinctly longer than 1.5 times III. 
C. Hind tarsi shorter than base of VI. 
D. Rostrum not attaining 3d. coxae. (Page 193)....... ince 
DD. Rostrum attaining 3d. coxae. (Page 200).. eee wasintae 
CC. Hind tarsi not distinctly shorter than the base of Vv I. 
D. Ocular tubercles absent. 
E. Rostral IV + V .14; on Artemisia. (Page 186). a longipes 
EE. Rostral IV + V .10; on Chrysothamnus. (Page 191)..........packi 
DD. Ocular tubercles present. 
E. Unguis longer than 5 times base of VI. 
F. Aptera with 2 to9 sensoria on III. (Page 192) ......pelargonii 
FF. Aptera with 20 to 23 sensoria on III. (Page 174)..........cornelli 
EE. Spur not longer than 5 times base of VI. (Page 176)......dirhodum 
AA. Cornicles with reticulations. 
B. Reticulations not more than 4 rows. 
C. Cornicles longer than 2 times cauda. (Page 195) schrankii 
CC. Cornicles shorter than 2 times cauda. (Page 191).............niwanista 
BB. Reticulations more than 4 rows. 
C. Cornicles shorter than cauda. (Page 194)......... sanborni 
CC. Cornicles not shorter than cauda. 
D. Rostrum acute. 
E. Cornicles longer than IV. 
F. Unguis longer than cornicle. (Page 175) ......coweni 
FF. Unguis not longer than cornicle. (Page 179). filifoliae 
EE. Cornicles not longer than IV. 
F. Sensoria on III of apterae more than 10; on III of alate vivi- 
parae more than 20. 
G. Unguis shorter than III. (Page 179) .......frigidae 
GG. Unguis not shorter than III. (Page 187). .. .ludovicianae 
FF. Sensoria on III of aptera fewer than 10; on III of alate viviparae 
fewer than 20. 
G. Unguis longer than 5 times base of VI. (Page 183)...... .jonesii 
GG. Unguis shorter than 5 times base of VI. (Page 180), 
frigidicola 
DD. Rostrum obtuse. 
E. Antennal IV not longer than .33 of III. (Page 196).......sonchella 
EE. Antennal IV longer than .33 of III. 
F. Cornicles exceeding 4 times hind tarsus. 
G. Cornicles distinctly longer than III. 
H. Sensoria on IIT in aptera fewer than 10; in alata fewer than 
25, arranged in single row. 
I. Base of VI 2 times hind tarsi. (Page 197) stanleyi 
II. Base of VI not longer than 1.5 times hind tarsi. 
J. Hind tibiae longer than body; color of body brown. 
(Page 199) ; valerianae 
JJ. Hind tibiae shorter than body. 
K. Color reddishblue. (Page 184)............. ._kiowanepus 
KK. Color green. 
L. Antennae longer than body. 
M. Reticulation on cornicles subequal with base of 
VI. (Page 195, see euphorbiae, p. 178) solanifolii 
MM. Reticulation on cornicles distinctly shorter than 
base of antennal VI. 
N. Reticulation on cornicle hardly longer than .5 
of base of VI. (Page 185)............laevigatae 
NN. Reticulation on cornicle distinctly longer than 
.5 of base of VI. (Page 176) 
L. Antennae not longer than body. (Page 188), 
mentzeliae 
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HH. Sensoria on III in aptera more than 10; in alata more than 
30, scattered over entire joint. 
I. Reticulation on cornicles never distinctly exceeding .1 
of cornicle length. (Page 171)..........scecssccesve rosae 
II. Reticulation on cornicle distinctly exceeding .1 of 
cornicle length. 
J. Rostrum attaining or surpassing 3d. coxae. (Page 186), 
longirostris 
JJ. Rostrum not attaining 3d. coxae. (Page 184)... katonkae 
GG. Cornicles not distinctly longer than III. 
H. Cauda longer than .5 cornicles. 
I. Dorsum without dusky dots at bases of hairs. Cornicles 
(in cleared specimens at least) paler at base. (Page 
SS cutie we ae era Gag arag cis ole wk an sane rudbeckiae 
II. Dorsum with dusky dots at bases of hairs. Cornicles 
entirely black. 
J. Antennal V shorter than distance across eyes. 
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HH. Cauda shorter than .5 cornicle length. 
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HHH. Cauda subequal with .5 cornicle length. 
I. Color not red or orange. Sensoria present on III in 
aptera. 
J. Hairs on cauda fewer than 7 pairs. 
K. Reticulation on cornicles .15 to .18 mm., 4 pairs of 


lateral hairs on cauda. (Page 189)........ mertensiae 
KK. Reticulation on cornicles .20 to .24 mm., 3 pairs of 
lateral hairs on cauda. (Page 177)......erigeronensis 


JJ. Hairs on cauda at least 7 pairs. (Page 171)... .albifrons 

II. Color red or orange. Sensoria absent on III in aptera. 

Reticulations on cornicles .15 mm. (Page 190), 
nigromaculosum 
FF. Cornicles not distinctly over 4 times hind tarsi. 
G. Rostrum with IV + V shorter than base of VI. 
H. Sensoria on III in alata more than 15, in aptera more than 7. 
I. Sensoria on III in alata fewer than 30; in aptera fewer 


CRUSE. FE va yous ankt<e.sennce ceentaaenss epilobii 
II. Sensoria on III in alata not fewer than 30; in aptera 
not fewer than 17. (Page 198)................. tenuitarsis 


HH. Sensoria on III in alata fewer than 15; in aptera fewer than 7. 

I. Hind tarsi at least as long as base of antennal VI; tibiae 
ORE: SE EMD vores mene cer seca acces .granarium 

II. Hind tarsi shorter than base of antennal V I: tibiae 
REE, AI 58 nies vals, oie see. wee ewes glabrum 

GG. Rostrum IV + V longer than base of VI. 

H. Sensoria on III in alata fewer than 20. Color green or 
pink. (Page 181).. 4 Bic aNicarn asian ca gaurae 

HH. Sensoria on III in alata n more than 20. Color dark brown. 
NE CD ison ccecens donbe con ..eeeess....Chrysanthemi 
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Genotype Macrosiphum rosae (Linnaeus). 


Linnaeus, Syst. Nat. Ed. 10, p. 452, 1758, Aphis. See also Theobald, Aphid. Gr. 
Brit., Vol. 1, p. 65, 1926; and Oestlund, Geol. and Nat. Hist. Surv. Minn., 
Vol. 4, p. 81, 1887, Nectarophora. 


Fic. 248. Macrosiphum rosae. 


Color—Summer viviparae.—Pale green;* alatae with black lateral 
areas; cauda pale; legs dusky to black; cornicles and antennae black 
throughout. 

Structural Characters—Summer viviparae.—Body 2.5 to 3.5; hind 
tibiae 2.35 to 2.85; hind tarsi .14; antennae 3.2 to 3.8; rostrum attaining 
between 2d. and 3d. coxae. Hairs blunt; on vertex .04 to .05; on 
antennae .03 to .04; on outer side of hind tibiae .04 to .06; side of body 
.04 to .05. Male alate. 


Collections.—On leaves and twigs of cultivated rose, generally 
throughout the state; apterous summer viviparae May 22 to 
Nov. 15; alate viviparae June 17 to Nov. 27; sexuales not 
taken; 20 collections; fairly common. 


Macrosiphum albifrons Essig. 
Essig, Pomona Coll. Jour. Ent., Vol. 3, p. 548, 1911. 
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Fic. 249. Macrosiphum albifrons. 


Color —Summer viviparae.—Bluishgreen, pulverulent; cauda pale; 
cornicles pale except tip; tibiae pale to slightly dusky; antennae mostly 
pale to slightly dusky in aptera, distinctly dusky beyond base of III 
in alata. 

Structural Characters —Summer viviparae.—Body 3.2 to 4.2; hind 
tibiae 2.5 to 3; hind tarsi..16 to .18 in alata, .18 to .20 in aptera; antennae 
4; rostrum attaining 2d. coxae in alata, surpassing 2d. coxae in aptera. 
Hairs slightly capitate; on vertex .04 to .05 in alata, .06 in aptera; .03 


*This species is recorded by Theobald (loc. cit.) and by Patch as having 
a pink variety, but this has not been noted by us for the Colorado collections. 
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to .04 on antennae; .04 to .05 on outer side of hind tibiae; .05 on side 
of abdomen in aptera. Male alate. 









Collections.—On leaves of Lupinus sp., at Cherokee Park, 
Estes Park, and foothills near Ft. Collins; apterous summer 
viviparae July 19 to Sept. 17; alate viviparae July 19 to Aug. 
15; sexuales Sept. 6 to 21; 8 collections; not common. 


Macrosiphum ambrosiae (Thomas). 
Thomas, Illinois St. Lab. Nat. Hist., Bul. 2, p. 4, 1877, Siphonophora. 
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Fic. 250 





Macrosiphum ambrosiae. 

Color —Summer viviparae.—Light to dark brown with dusky areas 
about hair bases (most distinct in cleared specimens); cauda pale; legs 
dusky in alata, pale dusky in aptera; cornicles entirely black; antennae 
dusky but paler on I, II and base of III. 

Structural Characters —Summer viviparae.—Body 2.5 to 3.5; hind 
tibiae 2.15 to 2.9; hind tarsi .16 to .19; antennae 3.3 to 4.2; rostrum 
hardly attaining 3d. coxae in alata, fully attaining 3d. coxae in aptera. 
Hairs blunt to slightly capitate; on vertex .03 in alata, .04 to .05 in 
aptera; on antennae .03 to .04; on outer side of hind tibiae .04 to .05; 
on side of abdomen .03 in alata, .04 to .06 in aptera. Male alate. 

Collections.—On leaves and tender stems of Ambrosia trifida. 
Iva xanthifolia and occasionally Jlelianthus sp., generally 
throughout the state. Apterous summer viviparae May 22 
to Oct. 23; alate viviparae May 30 to Oct. 23; sexuales Sept. 
15 to Nov. 9; 65 collections; very common and abundant. 

Color Variety—On Solidago sp. and Aster sp. occurs a 
brick-red aphid (Gillette, Jour. Ec. Ent., Vol. 4, p. 383, 1911, 
Macrosiphum solidaginis Fab. and Williams, Univ. Studies, 
Lincoln, Nebr., Vol. 10, p. 86, 1910, Siphonophora solidaginis 
Fab.,) which seems structurally indistinguishable from M. 
ambrosiae. It differs slightly from M. solidaginis Fabricius 
(according to Van der Goot, Holl. Blattlause, p. 90, 1915) 
in legs not being yellow, sensoria more numerous and not 
distributed along entire joint on antennal III in aptera, cornicles 
being stouter and reticulated one-third instead of one-sixth 
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(as in figure by Theobald) and possible differences in ratios 
in antennal joints. Theobald, (Aph. Gr. Brit., Vol. 1, p. 100, 
1926) states that the American form, (according to Williams, 
loc. cit.), seems not to be the European species. However, 
he does not state the differences and describes the sensoria 
in aptera similar to our form. D. R. Hille Lambers of Holland 
stated in correspondence his opinion that this American form 
is ambrosiae. 

From Mac. rudbeckiae this form differs in presence of dusky 
hair bases and lack of pale bases on cornicles. It appears to 
be near M. lanceolatum Patch, but type specimens of the 
latter are not available at this time for comparison. Until 
biological transfer tests determine the relation between these 
forms it seems best to leave the solidago aphid here rather 
than erect a new species on such slight differences. 


Macrosiphum atripes Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 27, p. 359, 1933. 
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Fic. 251. Macrosiphum atripes. 


Color —Summer viviparae.——Dark reddishbrown to blackishred; 
cauda pale; cornicles and antennae black throughout; legs black except 
bases of femora which are paler; rostrum black distally; wings hyaline, 
veins slender. 

Structural Characters —Summer viviparae.—Body 1.85 to 3; across 
eyes .56; hind tibiae 1.60 to 1.80; hind tarsi .13 to .14; antennae 2.54 
to 3; III .60 to .90; IV .48 to .73; V .38 to .53; VI .11 to .14 + .68 to .80; 
cornicles .55 to .80; cauda .38 for hard portion, .42 for entire length; 
rostrum attaining 3d. coxae or Ist. segment of abdomen in alata, Ist. or 
2d. abdominal segment in aptera. Hairs on vertex and antennae .03; 
on outer side of hind tibiae .03 to .04; on side of abdomen .03 in alata; 
all hairs often .01 longer in aptera. 


Collections.—On leaves and stems of Aster sp. and Solidago 
missouriensis near Masonville (Spring Canon) and Bellvue 
(Stove Prairie Hill); alate and apterous viviparae Sept. 2; 
only 2 collections taken, but very abundant on Aster deforming 
stems, in that locality. 
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Types in collection of U. S. Nat. Mus., Cat. No. 49291; 
paratypes in collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is separated from Mac. lanceolatum 
Patch (Me. Exp. Sta. Bul. 282, p. 215, 1919) in sensoria on 
antennal third joint in alate viviparae being more than 30 
and in apterae more than 20, cauda longer than ‘‘about equal 
to IV,” reticulation of cornicle being longer than ‘‘two-sevenths 
of length of cornicle.”’ 


Macrosiphum chrysanthemi (Oestlund). 
Oestlund, Geol. and Nat. Hist. Surv. Minn. Bul. 4, p. 84, 1887, Nectarophora. 
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Fic. 252. Macrosiphum chrysanthemi. 


Color.—Summer viviparae.—Dark brown; cornicles black through- 
out; cauda yellow to slightly dusky; antennae dusky, paler on II and 
base of III; tibiae pale to brownish. 

Structural Characters—Summer viviparae.—Body 2.25 to 3; hind 
tibiae 2 to 1.85; hind tarsi .15 to .17; antennae 2.8 to 2.95; rostrum 
attaining 2d. coxae in alata, surpassing 2d. coxae in aptera. Hairs 
blunt to slightly capitate; on vertex and antennae .03 to .04; on outer 
side of hind tibiae .03 to .04 in alata, .04 to .05 in aptera; on side of 
abdomen .03 in alata, .04 in aptera. Male alate. 


Collections.—On Bidens sp., near Ft. Collins; apterous vivi- 
parae Aug. 5 to Sept. 19; alate viviparae Aug. 5 to 22; sexuales 
Sept. 19; 5 collections; not common. 


Macrosiphum cornelli Patch. 
Patch, Ann. Ent. Soc. Amer., Vol. 19, p. 334, 1926. 





Fic. 253. .Macrosiphum cornelli. 


Color.—Apterous summer vivipara.—Green; legs pale brownish; 
cauda dusky green; cornicles pale with brownish tips; antennae dusky. 
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Structural Characters —Summer viviparae.—Body 1.5 to 2 in alata, 
2 to 2.3 in aptera; across eyes .46 to .52; hind tibiae 1.5 to 2; hind tarsi 
.15; antennae 2.8 to 3.3; rostrum attaining 3d. coxae. Hairs blunt to 
slightly capitate; on vertex .025 to .03 in alata, .03 to .04 in aptera; on 
antenna .01; on outer side of hind tibiae .02 to .03; on side of abdomen 
.02 to .03. 


Collections —On leaves of tame Geraniums, alate and 
apterous summer viviparae in Nov., March and May; 4 col- 
lections; rare. 

Taxonomy.—This species apparently differs from Mac. 
pelargonit (Kalt.) only in the more numerous sensoria on 
antennal III in aptera. 


Macrosiphum coweni (Hunter). 


Hunter, Iowa Agr. Exp. Sta. Bul. 60, p. 114, Nectarophora, new name for Nectaro- 
phora artemisiae Cowen, Gillette and Baker, Colo. Agr. Exp. Sta. Bul. 31, 
p. 123, 1895. 


Color.—Summer viviparae.—Dark brown to blackishgreen to black; 
cauda and cornicles dusky throughout; tibiae brown to blackish; 
antennae dusky except base of III. 

Structural Characters —Summer viviparae.—Body 1.5 to 2; across 
eyes .47; hind tibiae 1.3 to 1.7; hind tarsi .15 to .17; antennae 2.4 to 
3.2; III .60 to .80; IV .40 to .60; V .30 to .50; VI .15 to .19 + .65 to .90; 
cornicles .55 to .70, reticulated .05 to .10 mm. from tip; cauda blunt, 
elongate, spoon-shaped, with constricion near base, .25 for hard 
portion, .30 for entire length in alata; .25 to .40 for hard portion, .40 to 
.00 for entire length in aptera; rostrum acute, tip needlelike, joint 
IV + V .16, attaining 2d. coxae in alata, 3d. in aptera; rostrum attaining 
2d. coxae in alata, 3d. coxae in aptera. Hairs blunt to slightly capitate; 
on vertex .02 to .03 in alata, .04 to .05 in aptera; .04 to .05 on antennae 
and outer side of hind tibiae; on side of body .04 to .06; on cauda .07 
to. 10, 4 to 5 on each side and 2 dorsal pairs; on cornicles 3 to 5 hairs. 


Neotypes in collection of U. S. Nat. Mus.; paraneotypes in 
collection of Colo. Agr. Exp. Sta. Since the original type 
collection made by J. H. Cowen has been lost and the species 
was described from Colorado the writers have selected a speci- 
men from the Colorado collection to be set aside as neotype, 
and others taken in the same colony as paraneotypes. 

Collections —On leaves and tips of Artemisia tridentata, 
near Sargent, North Park, Hayden, Greeley-Poudre Tunnel, 
Laramie River, Manitou, Delta, Cedaredge, Montrose, Red 
Feather, Radium, Alma, Cory, Grand Junction; apterous sum- 
mer viviparae May 3 to Aug. 26; alate viviparae June 18 to 
July 18; 15 collections; common in the habitat of the host 
plant. 
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Macrosiphum creelii Davis. 
Davis, Can. Ent., Vol. 46, p. 41, 1914. 

Color—Summer viviparae.—Pale green, darker on median line; 
alatae with thoracic lobes yellow to ochre; cauda and tibiae pale to 
slightly dusky; cornicles dusky; antennae dusky to blackish throughout. 

Structural Characters.—Summer viviparae.—Body 2.3 to 3.56; hind 
tibiae 2 to 3; hind tarsi .16 to .19; antennae 4.3 to 5; III 1.1 to 1.23; 
IV 1 to 1.2; V .87 to 1; VI .24 to .28 + 1.16 to 1.5; cornicles .93 to 1.2 
in alata, 1.1 to 1.3 in aptera, reticulated on distal .1S mm.; cauda 
tapering .50 entire length, .46 on hard portion. Hairs slightly capitate; 
on vertex .03; on antennae .04 to .05; on outer side of hind tibiae .06; 
on side of body .04 to .05; on cauda .10, 4 to 5 on each side. 


Collections.—On leaves of alfalfa near Ft. Collins and 
Masonville; apterous summer viviparae June 1 to Aug. 13; 
alate viviparae July 8 and Oct. 1; 9 collections; rare. 

Taxonomy.—This species is very close to M. solantfolii, 
differing only in longer antennal and cornicle measurements 
so that base of antennal VI is about twice as long as rostral 
IV + V, while in solanifolii base of VI is 1 to 1.3 times rostral 
IV + V. 


Macrosiphum dirhodum (Walker). 
Walker, Ann. Mag. Nat. Hist. (ser. 2), Vol. 3, p. 48, 1849, Aphis. See also 
Theobald, Aphid. Gr. Brit., Vol. 1, p. 135, 1926; also Patch, Me. Agr. Exp. Sta., 
Bul. 233, p. 268, 1914. 
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Fic. 254. Macrosiphum dirhodum. 


Color —Summer viviparae.—Y ellow to pale green, darker on median 
and lateral lines; cauda pale; cornicles pale with dusky tip; legs pale 
to dusky; antennae pale in aptera, blackish throughout in alata. 

Structural Characters—Summer viviparae.—Body 2.4 to 2.8; hind 
tibiae 1.2 to 1.7; hind tarsi .15 to .17; antennae 2 to 2.6 in alata, 2 to 
2.12 in aptera; rostrum hardly attaining 2d. coxae in alata, attaining 
2d. coxae in aptera. Hairs slightly capitate; on vertex .015 in alata, 
.02 in aptera; on antennae .01; on outer side of hind tibiae .025 to .03; 
on side of body .01 and sparse. Male alate. 


Collections.—On Rosa sp. as winter host, on oats and Elymus 
sp. as summer host, at Manitou, Ouray, Cimarron Hill and 
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Ft. Collins; on winter host: fundatrices April 10 to 23; apterous 
summer viviparae Oct. 23 to 29; alate viviparae Sept. 20 to 
Dec. 3; sexuales Oct. 11 to Nov. 23; on summer host: apterous 
viviparae July 24 to Oct. 2; alate viviparae June 24 to Nov. 
12; alate males Oct. 16; 31 collections; common. 


Macrosiphum epilobii (Pergande). 
Pergande, Proc. Wash. Acad. Sci., Vol. 2, p. 515, 1900, Nectarophora. 
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Fic. 255. Macrosiphum epilobii. 


Color—Summer viviparae.—Green; cauda pale; cornicles dark 
except basal fourth, tibiae dusky to blackish throughout; antennae 
blackish except I, II and base of III. 

Structural Characters—Summer viviparae.—Body 2.7; hind tibiae 
2.35 to 2.9; hind tarsi .20; antennae 3.2 to 4; rostrum attaining 2d. 
coxae in alata, 3d. coxae in aptera. Hairs slightly capitate; on vertex, 
antennae, outer side of hind tibiae and side of abdomen in aptera .04. 

Collections.—On leaves and stems of Chamaenerium augusti- 
folium at Manitou and near Fort Collins; apterous summer 
viviparae June 30 to Sept. 18; alate viviparae Sept. 18; 2 
collections; rare. 

Taxonomy.—This form differs from Pergande’s description 
in color being green instead of brown and cornicles being 
pale at bases. There is a possibility that the Colorado form 
may be distinct but at present the differences seem too slight 
to warrant erecting a new species. From WM. erigeronensis it 
differs in the unguis being longer than the cornicles. From 
M. tenuitarsis it differs in fewer sensoria, longer cauda and 
shorter cornicles. 


Macrosiphum erigeronensis (Thomas). 
Thomas, Illinois St. Lab. Nat. Hist., Bul. 2, p. 7, 1877, Siphonophora. 
Color—Summer viviparae.—Pale green; cornicles black beyond 
basal fourth in alata, only at tip in aptera; tibiae dusky in alata, pale 
to dusky in aptera; antennae blackish beyond base of III; cauda pale. 
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Structural Characters—Summer viviparae.—Body 2.5; across eyes 
.47; hind tibiae 1.35 to 1.55 in alata, 1.7 in aptera; hind tarsi .14 to .15; 
antennae 2 to 3; rostrum attaining 2d. coxae in alata, surpassing 2d. 
coxae in aptera. Hairs capitate; on vertex .015 in alata, .03 to .04 in 
aptera; on antennae .02 in alata, .03 in aptera; on outer side of hind 
tibiae .025 to .03 in alata, .03 to .06 in aptera; on side of abdomen 
.03 in alata, .03 to .04 in aptera; on cauda pointed and curved, .07 to .08 
with 4 or 5 hairs near tip capitate and straight. Male alate. 
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Fic. 256. Macrosiphum erigeronensis. 


Collections.—On Erigeron canadense, near Boulder, Greeley 
and Fort Collins; fundatrix May 16; apterous summer viviparae 
June 16 to Nov. 27; alate viviparae June 6 to Nov. 27; sexuales 
Sept. 28 to Oct. 31; 26 collections; common. 

On Lactuca pulchella, Chrysothamnus graveolens, Aster sp. 
and Grindelia squarrosa, forms occur which differ from the 
above-described species only in longer cornicles. The cornicles 
are one and one-quarter to one and one-half times the length 
of antennal III while in M. erigeronensis cornicles are sub- 
equal to or but slightly longer than antennal III. About 3 
collections were taken on Aster and 20 collections on each of 
the other hosts. Sexuales were recorded for each of these 
hosts except Lactuca. The status of this form or forms cannot 
be determined without further study in the way of biological 
experiments. 


Macrosiphum euphorbiae (Thomas). 
Thomas, Illinois St. Lab. Nat. Hist., Bul. 2, p. 6, 1877, Siphonophora. 

Characters.—The same as Mac. solanifolii (Ashmead) unless sensoria 
on antennal III in alata are slightly more numerous and in more of a 
double row. 

Collections —On leaves and stems of Euphorbia marginata 
near Fort Collins and Masonville: apterous and alate summer 
viviparae July 16 to Oct. 8; oviparae Oct. 3 to 8; males Sept. 
26 to Oct. 8; 14 collections; common. 
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Taxonomy.—This species is very close if not identical with 
M. solanifolit but oviparae were found on Euphorbia on two 
occasions, while in Ashmead’s species these should occur only 
on the rose. Without biological tests it appears impossible 
to decide the question at present. 


Macrosiphum filifoliae Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 21, p. 5, 1928. 


Fic. 257. Macrosiphum filifoliae. 


Color —Summer_ viviparae.—Cinnamon-brown to amber-brown, 
tinged with yellow-ochre laterally; alatae with thorax yellow-brown, 
(occasional specimens greenish-yellow); cornicles dusky; tibiae dusky 
except basal third; antennae dusky beyond base of III. 

Structural Characters—Summer viviparae.—Body 1.7 to 2.3; hind 
tibiae 1.1; hind tarsi .14; antennae 2.2 to 2.7; rostrum attaining 2d. 
coxae in alata, nearly 3d. coxae in aptera. Hairs slightly capitate; on 
vertex .(4 in alata, .05 in aptera; on antennae .05; on outer side of hind 
tibiae .05 to .06; on side of body .05. 

Collections.—On leaves and tips of Artemisia filifolia and 
once on A. vulgaris, near Greeley, Denver, Barnesville and Fort 
Collins; apterous and alate summer viviparae June 20 to Sept. 
18; 8 collections (host plant very rarely observed). 

Taxonomy.—This species is very close to M. coweni Hunter 
but differs in antennal unguis never exceeding cornicle length 
and hairs on cornicle 6 to 8 while coweni has 3 to 5. 

Types in U. S. Nat. Mus., Cat. No. 41974; paratypes in 
collection of Colo. Agr. Exp. Sta. 


Macrosiphum frigidae (Oestlund). 

Oestlund, Geol. and Nat. Hist. Surv. Minn. Bul. 4, p. 83, 1887, Nectarophora. See 
also Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 21, p. 6, 1928. 
Color—Summer viviparae.—Dark metallic green, shining; dark 

specks at dorsal hair bases; cauda dusky; antennae black except base 

of III; tibiae and cornicles black. 
Structural Characters—Summer viviparae.—Body 2; across eyes 

45 to .55; hind tibiae 1.3 to 1.5; hind tarsi .15 to .17; antennae 2.3 to 

2.7 in aptera, 2.5 to 2.9 in alata; rostrum attaining 2d. coxae in alata, 
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3d. coxae in aptera. Hairs slightly capitate; on vertex .05; on antennae 
.05 to .06; on outer side of hind tibiae .04 to .05 in alata, .05 to .06 in 
aptera; on side of abdomen .04 in alata, .06 in aptera. Male apterous. 
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Fic. 258. Macrosiphum frigidae. 
Jrtg 


Collections—On leaves and tender stems of Artemisia 
frigida and A. borealis* throughout the state in the habitat of 
the host plant; fundatrices May 27; apterous and alate vivi- 
parae May 16 to Oct. 10; sexuales Sept. 27 to Nov. 1; 30 col- 
lections; very common. 


Macrosiphum frigidicola (Gillette and Palmer). 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 21, p. 3, 1928, Macrosiphoniella. 
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Fic. 259. Macrosiphum frigidicola. 


Color—Summer viviparae.—Bluishgreen; powdery; cauda slightly 
dusky; tibiae dusky to black; cornicles dusky except at base; antennae 
dusky except base of III. 

Structural Characters—Summer viviparae.—Body 1.86 to 2.3 in 
alata, 1.60 to 1.70 in aptera; across eyes .46; hind tibiae 1.26 to 1.85; 
hind tarsi .17; antennae 2.10 to 2.6; rostrum acute, tip beyond hairs 
needlelike, attaining Ist. abdominal segment in aptera, attaining 
3d. coxae in alata. Hairs blunt or slightly capitate; on vertex .04 in 
alata, .05 in aptera; on antennae .025 to .03 in alata, .04 in aptera; on 


*By E. Bethel. 
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outer side of hind tibiae, .035 to .04 in alata, .05 to .06 in aptera; on 
side of abdomen .04 to .05. Male apterous. 


Collections.—On leaves of Artemisia frigida and Eurotia 
lanatum, Boulder, Idaho Springs, Bellvue, Poudre Canon, 
Masonville, Livermore and Fort Collins; fundatrix May 30; 
apterous summer viviparae June 6 to Oct. 4; alate viviparae 
May 27 to Sept. 19; sexuales Oct. 4 to 21; 13 collections; rather 
rare, scattered and difficult to observe on account of protective 
coloration. 

Types in U. S. Nat. Mus., Cat. No. 41971; paratypes in 
collection of Colo. Agr. Exp. Sta. 


Macrosiphum gaurae Williams. 


Williams, Univ. Studies, Lincoln, Neb., Vol. 10, p. 79, 1910, and Davis, Ibid., 
Vol. 11, p. 29, 1911. 
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Fic. 260. Macrosiphum gaurae. 


Color—Summer viviparae.—Pale yellow-green or mottled pink; 
cornicles pale; legs brownish, dusky distally in alata, pale in aptera; 
antennae dusky beyond base of III in alata, dusky beyond tip of III in 
aptera. 

Structural Characters —Summer viviparae.—Body 2.2 to 3 in alata, 
2.8 to 3.2 in aptera; hind tibiae 1.85 to 2 in alata, 2.2 in aptera; hind 
tarsi .15; antennae 2.5 to 3.4; rostrum surpassing 2d. coxae. Hairs 
slightly capitate; on vertex .025 to .03 in alata, .03 to .05 in aptera; on 
antennae .03 in alata, .04 in aptera; on outer side of hind tibiae .05 in 
alata, .07 to .OS in aptera; on side of abdomen .03 to .04. Male alate 
(antennae shown at bottom of figure). 


Collections.—On leaves of Gaura parviflora, and Oenothera 
biennis generally throughout the state; fundatrices April 28; 
apterous summer viviparae April 1, May 24 to Sept. 29; alate 
viviparae May 22 to Nov. 3; sexuales Oct. 10 to Nov. 3; 65 
collections; common. 
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Macrosiphum glabrum Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 21, p. 2, 1928. 
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Fic. 261. 





Macrosiphum glabrum. 





Color—Summer viviparae.—Shamrock-green, shining; alata with 
thorax dusky greenish; entire cornicles and legs black; cauda dusky; 
antennae black, paler on I, II and base of III. 

Structural Characters—Summer viviparae. —Body 1.8 to 2.3; across 
eyes .32; hind tibiae 1.6 to 2; hind tarsi .16; antennae 2.6 to 3.5; rostrum 
attaining 2d. coxae in alata, 3d. coxaeinaptera. Hairs slightly capitate; 
on vertex and antennae .03 in alata, .04 to .05 in aptera; on outer side 
of hind tibiae .04; on side of abdomen .04 in alata, .04 to .05 in aptera. 
A smaller form with measurements about two-thirds those of the 
typical form was found in several collections, but with no apparent 
structural differences. 


Collections —On leaves and flower heads of Artemisia 
dracunculoides, at Cherokee Park, Livermore, Eggers and Fort | 
Collins; apterous summer viviparae July 30 to Oct. 1; alate 
viviparae May 17 to July 30; 5 collections; rare and difficult to 
find due to scattered or solitary habit and protective coloration. 

Types in U. S. Nat. Mus., Cat. No. 41970; paratypes in 
collection of Colo. Agr. Exp. Sta. 


Macrosiphum granarium (Kirby). 
Kirby, Trans. Linn. Soc. London, IV, p. 238. 1798, Aphis. See also Theobald, 


Aph. Gr. Brit., Vol. 1, p. 71, 1926, and Pergande, U. S. D. A., Div. Ent., 
Bul. 44, p. 5 to 23, 1904. 
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Fic. 262. Macrosiphum granarium. 


1934] Gillette and Palmer: Aphidae of Colorado 183 


Color.—Summer viviparae.—Grass-green, sometimes yellow or pink, 
brown on head; some apterae with dusky dorsal blotch, alata darker on 
median line and with dusky lateral areas; entire cornicles and antennae 
dusky to black; cauda and legs pale. 

Structural Characters Summer viviparae.—Body 1.9 to 2.5; hind 
tibiae 1.35 to 1.9; hind tarsi .15 to .17; antennae 2.6 to 3.3; rostrum 
attaining nearly to 2d. coxae in alata, surpassing 2d. coxae in aptera. 
Hairs pointed to blunt; on antennae .015 to .02; on vertex, outer side 
of hind tibiae and side of abdomen .02 to .03. Male alate. 


Collections —On leaves and heads of oats, rye, barley, 
wheat, Poa pratense, Elymus sp. and Linum sp.; generally 
throughout the state; apterous and alate summer viviparae 
May 8 to Nov. 8; no oviparae taken; alate males Sept. 16 
and Oct. 26; 30 collections; common. 


Macrosiphum jonesii Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 21, p. 7, 1928. 


s Z , . 
ae 


QV. 


iG ~.50) (Alate > apt) 


Fic. 263. Macrosiphum jonesit. 


Color—Summer viviparae.—Black; shining; cauda dusky; antennae 
black except base of III; tibiae and cornicles black. 

Structural Characters —Apterous summer vivipara.—Body 2.3; hind 
tibiae 1.3; hind tarsi .16; antennae 2.6 to 3; rostrum attaining nearly to 
3d. coxae. Frontal tubercles poorly developed, not greatly exceeding 
vertex. Hairs capitate; on vertex .04 to .05; on antennae .05; on outer 
side of hind tibiae .05 to .06; on side of abdomen .04 to .06. Alate 
vivipara.—Secondary sensoria on III 18 to 20, none on IV + V; other 
characters as in aptera. 


Collections —On leaves of Artemisia cana and A. trifida, at 
Sargent and Chimney Rock; apterous summer viviparae 
July 26 and Aug. 9; alate vivipara July 26; 2 collections; 
apparently very rare. 

Types in U. S. Nat. Mus., Cat. No. 41467; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is very peculiar on account of 
the weak aphis-like frontal tubercles combined with the large 
macrosiphum-like cauda, cornicles and antennae. The hairs 
are unusually long for Macrosiphum and resemble Kakimia. 
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Macrosiphum katonkae (Hottes), n. comb. 
Hottes, Proc. Biol. Soc. Wash., Vol. 46, p. 13, 1933, Adactynus Rafinesque.* 
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Fic. 264. Macrosiphum katonkae. 

Color—Summer viviparae.—Green; alata with head and thorax 
green to dusky; cornicles dusky brown except base; cauda dusky yellow; 
antennae dusky beyond basal half of III; tibiae dark brown; veins 
brown and tipped. 

Structural Characters —Summer viviparae.—Body 2.74 to 2.85; 
across eyes .53; hind tibiae 2.45; hind tarsi .17; antennae 3.5 to 4.2; 
rostrum attaining 2d. coxae. Hairs slightly capitate; on vertex .01 to 
.02 in alata, .03 to .04 in aptera; on antennae .03 in alata, .02 to .04 in 
aptera; on outer side of hind tibiae .04 and pointed; on side of abdomen 
.03 in alata, .04 in aptera. 

Collectionn—On leaves of Aster laevis, at Red Cliff and 
Whitewater; apterous summer viviparae Aug. 10 and 31; alate 
viviparae Aug. 10; 2 collections by F. C. Hottes; not common. 
[Data for description from F. C. Hottes (loc. cit) and from 
specimens loaned and contributed by him.| 

Taxonomy.—This species seems close to Mac. tenuitarsis 
G. and P., differing in cornicles being longer than antennal 
III instead of shorter. 


Macrosiphum kiowanepus (Hottes), n. comb. 
Hottes, Proc. Biol. Soc. Wash., Vol. 46, p. 14, 1933, Adactynus Rafinesque. 
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Fic. 265. Macrosiphum kiowane pus. 


*The genotype, Aphis pteris-aquilnoides Rafinesque (Hottes, Proc. Biol. Soc. 
Wash., Vol. 44, pp. 63 and 68, 1931) is so poorly described that there is wide dis- 
agreement as to its generic characters. The authors are unable to accept the 
use of this generic name, especially to replace a name with as long usage as 
Macrosiphum. 
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Color—Summer viviparae.—Bluish with reddish tinge; pruinose; 
alata with dusky lateral areas; antennae black beyond base of III; cauda 
brownish; tibiae and cornicles blackish except base. 

Structural Characters —Summer viviparae.—Body 2.6 to 2.7; hind 
tarsi .18; antennae 4.4 to 4.7 in alata, 3.7 to 4.3 in aptera; rostrum 
attaining or surpassing 2d. coxae. Hairs slightly capitate; on vertex 
and antennae .03 to .04 in alata, .04 to .05 in aptera; on outer side 
of hind tibiae .04 to .05 in alata, .05 in aptera; on side of abdomen 
.03 to .04. 


Collections—On Zygadenus sp., Quamasia hyacinthia and 
Sieveria ciliata, at Grand Mesa; apterous and alate viviparae 
July 26; only one collection, by F. C. Hottes. [Data for 
description from Hottes (loc. cit.) and from specimens loaned 
and contributed by him.] 


Macrosiphum laevigatae Essig. 
Essig, Pom. Jour. Ent., Vol. 3, p. 548, 1911. 
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Fic. 266. Macrosiphum laevigatae. 


Color—Summer viviparae.—Y ellowish, mottled with green medially 
and laterally, alata with thoracic lobes yellow-brown, prothorax and 
head pale green; antennae and tibiae pale brown; cornicles dusky except 
at base in alata, dusky only at tip in aptera; cauda pale. 

Structural Characters —Summer viviparae.—Body 2.6; hind tibiae 
2.35 to 2.55; hind tarsi .13 to .14; antennae 4.3 to 4.7 in alata, 3.6 to 4.6 
in aptera; rostrum attaining 2d. coxae in alata, surpassing 3d. coxae in 
aptera. Hairs slightly capitate; on vertex and antennae .03 to .04; on 
outer side of hind tibiae .04 to .05; on side of abdomen .03 to .05. 
Male alate. 

Collections —On Salix sp., at Boulder, Loveland and Fort 
Collins; apterous summer viviparae July 2 to Oct. 23; alate 
viviparae July 2 and Aug. 20, rarely found; sexuales Oct. 
15 to 24; 11 collections; not common. 

Taxonomy.—Essig (Univ. Calif. Publ. Ent., Vol. 2, p. 328, 
1917) states his laevigatae to be a synonym of Clarke’s cali- 
fornicum but since the antennal measurements do not agree 
with Clarke’s description the authors prefer to use Essig’s 
name for the species. 
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Macrosiphum longipes Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 21, p. 1, 1928. 
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Fic. 267. Macrosiphum longipes. 


Color—Summer viviparae.—Paris-green; powdery, giving glaucous 
green effect corresponding to leaves of host-plant; alata with head and 
thorax dusky green and powdery; cauda pale or slightly dusky; cornicles, 
legs and antennae black except joints I and II which are dusky; veins 
bordered with dusky. 

Structural Characters —Summer viviparae.—Body 2.4 to 2.56; across 
eyes .64 in alata, .65 to .67 in aptera; hind tibiae 2.5 to 3; hind tarsi 
.19 to .20; antennae 4.7 to 5.3; wings 3.3; rostrum attaining 2d. coxae 


in alata, surpassing 2d. coxae in gg - LIr's simple to slightly 
capitate; on vertex .05 to .06; antennae .03 .04 in alata, .04 to .05 
in aptera; on outer side of hind tibiae os od ne in alata, .05 to .O8 in 
aptera; on side of abdomen .03 to .05. Ocular tubercles absent; eyes 
protruding. Male apterous. 


Collections—On leaves of Artemisia tridentata, near Estes 
Park, North Park and Eggers; apterous summer viviparae 
July 30 to Sept. 12; alate viviparae July 30; sexuales Sept. 23; 
6 collections; solitary, rare; hard to find on account of solitary 
habit and protective coloration. 

Types in U. S. Nat. Mus., Cat. No. 41969; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is peculiar on account of shape 
of eyes, cornicles, cauda and sensoria but on account of the 
large frontal tubercles and blunt hairs it seems to fit Macro- 
siphum better than any other genus that we know at present. 


Macrosiphum longirostris Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 360, 1933. 
Color —Summer viviparae.—Light green without dark markings; 
alata with head and thorax brown; antennae beyond base of III, tips 


of tibiae, tarsi and distal third of cornicles dusky; cauda pale to slightly 
dusky. 
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Structural Characters —Body to base of cauda 2 to 3; hind tibiae 
1.6 to 1.75; antennae 2 to 3; III, .60 to .72; IV .53 to .60; V .40 to .48; 
VI .12 + .50 to .60; cornicles .70 to 1 in alata, .75 to 1.10 in aptera; 
cauda .25 to .30 for hard portion in alata, .35 to .45 in aptera; .32 to .35 
for entire length in alata, .40 to .50 in aptera; rostral IV + V .24 long, 
attaining 3d. coxae or abdomen. Secondary sensoria circular, strongly 
convex but hardly tuberculate, scattered over entire joint, about 40 on 
IIT, none on IV or V in alata; 14 to 24 on basal half of III, 0 on IV or V 
in aptera. Hairs on vertex and antennae slightly capitate or blunt, 
.04 long; on outer side of hind tibiae blunt, .04 on sides of body slightly 
capitate and .04 long. Cornicles reticulated for .25 to .35 mm. Cauda 
bearing 4 pairs of lateral hairs and 1 or 2 dorsal hairs, about 4 of the 
terminal ones blunt to slightly capitate. Wing veins slender. 
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Fic. 268. Macrosiphum longirostris. 


Collections —On head and under side of leaves of Cirsium 
filipendulum at Fort Collins; apterous and alate viviparae July 
28 and Sept. 5; apparently not common. 

Types in U. S. Nat. Mus., Cat. No. 49289; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is peculiar on account of the 
long rostral IV + V which is twice as long as base of antennal 
VI or hind tarsi. It differs from Mac. erigeronensis Thomas 
in the longer rostral IV + V, cornicle diameter which is more 
than .06 at middle, stouter cauda and longer hairs. 


Macrosiphum ludovicianae (Oestlund). 


Oestlund, Geol. and Nat. Hist. Surv. Minn. 14th. Ann. Rept., p. 23, 1886, 
Siphonophora. 
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Fic. 269. Macrosiphum ludovicianae. 


Color—Summer viviparae.—Green; slightly pulverulent; antennae 











188 Annals Entomological Society of America |Vol. XXVII, 


blackish or black beyond base of III; cornicles black beyond base; 
cauda dusky; tibiae black. 

Structural Characters —Summer viviparae.—Body 2 to 2.5; across 
eyes .45 to .50; hind tibiae 1.65 to 1.75; hind tarsi .15; antennae 2.8 
to 3; rostrum attaining 3d. coxae. Hairs capitate; on vertex and 
antennae .03 to .04 in alata, .05 to .06 in aptera; on outer side of hind 
tibiae .04 to .05; on side of body .04 in alata, .06 in aptera. Male alate. 

Collections—On leaves of Artemisia ludoviciana, gnapa- 
halodes, Eurotia lanata and Tanacetum sp. at Idaho Springs, 
Estes Park, Boulder, Log Cabin, Poudre Canon, Cameron 
Pass, Loveland, Longmont, Ault and Fort Collins; fundatrices 
Mar. 16; alate and apterous summer viviparae June 20 to 
Oct. 16; sexuales Oct. 15 and 16; 30 collections; common. 


Macrosiphum macrosiphum (Wilson). 
Wilson, Can. Ent., Vol. 44, p. 155, 1912, I/linoia. 
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Fic. 270. Macrosiphum macrosiphum. 


Color.—Summer viviparae.—Green and yellow; cauda pale; cornicles 
and antennae dusky distally; tibiae brownish, darker at knees and tips. 

Structural Characters —Summer viviparae.—Body 1.5 to 1.9; across 
eyes .39 to .43; hind tibiae 1.5 to 1.8; hind tarsi .14; antennae 3 to 3.8; 
rostrum nearly attaining 2d. coxae in alata, attaining 2d. coxae in 
aptera. Hairs slightly capitate; on vertex .02 in alata, .03 in aptera; on 
antennae .01; on outer side of hind tibiae .02, on side of abdomen .01 in 
aptera, not evident in alata. 


Collections.—On leaves of Amelanchier alnifolia, at Log 
Cabin, Aspen and Grand Mesa; apterous and alate viviparae 
Aug. 4; only one collection; rare. 


Macrosiphum mentzeliae Wilson. 
Wilson, Tr. Amer. Ent. Soc., Vol. 41, p. 99, 1915. 

Color.—Summer viviparae.—Pale green with reddish dorsal blotch, 
sometimes pink; cauda pale; cornicles dusky beyond basal half; legs and 
antennae pale to dusky. 

Structural Characters—Summer viviparae. 








Body 2.5 to 3; across 


eyes .47 in alata; hind tibiae 1.8 to 2; hind tarsi .13; antennae 2.5 to 3; 
rostrum nearly attaining 2d. coxae in alata, attaining 2d. coxae in 
aptera. Hairs slightly capitate; on vertex and antennae .02 to .03 in 
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alata, .03 to .04 in aptera; on outer side of hind tibiae .03 to .04; on side 
of abdomen .04. Males alate. 


Fic. 271. Macrosiphum mentzeliae. 


Collections.—On leaves of Mentzelia sp. near Fort Collins; 
fundatrices May 24; apterous summer viviparae May 26 to 
Oct. 8; alate viviparae June 2 to Oct. 12; males Oct. 2 to 12; 
oviparae Oct. 11 to 25; 13 collections; rather common. 

Taxonomy.—This species is distinguished from M. gaurae 
Will. in cornicles being longer while all other appendages are 
shorter, and the presence of the reddish dorsal blotch. 


Macrosiphum mertensiae Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 361, 1933. 
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Fic. 272. Macrosiphum mertensiae. 


Color—Summer viviparae.—Not observed during life. Mounted 
specimens appear pale throughout body and cauda; legs pale except 
distal ends of tibiae and entire tarsi which are dusky; cornicles pale 
with about distal third slightly dusky; antennae pale with distal portion 
of IV and entire V and VI dusky. 

Structural Characters—Summer viviparae.—Body 2 to 3; across 
eyes .43 in alata, .50 to .53 in aptera; hind tibiae 2 to 2.4; hind tarsi .16; 
antennae 3.4 to 4; III .80 to .90; IV .60 to .65; V .55 to .68; VI .17 to 
.20 + .92 to 1; cornicles .70 to .80 in alata, .75 to .95 in aptera; cauda 
.30 for hard portion in alata, .35 to .40 in aptera, .35 for entire length in 
alata, .40 to .45 in aptera; rostrum obtuse, joint IV + V .14, attaining 
2d. coxae. Secondary sensoria rather large, over half the diameter of 
joint, about 20 in number; 0 on IV and V in alata, 8 to 10 on basal third 
of III in aptera. Hairs blunt to slightly capitate; on vertex about .03 
in alata, .04 in aptera; on antennae .02 to .03; on outer side of hind 
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tibiae .04 to .05; on side of abdomen .(3. Cornicles cylindrical reticu- 
lated on distal .18 to .20 mm., imbricated on remainder, bearing 4 pairs 
of lateral and 2 dorsal hairs. 

Collections.—On leaves of Mertensia sp. at Colorado Springs; 
alate and apterous summer viviparae June 19, 1917; only one 
collection; apparently rare. 

Types in collection of U. S. Nat. Mus., Cat. No. 49290; 
paratypes in collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species differs from Mac. niwanista 
(Hottes) on Mertensia sibirica as follows: cornicles much longer 
than .6 of IV and much longer than 1.5 times cauda; sensoria 
on III in alate vivipara rather large, not small and in single 
row; sensoria on III in apterae 7 to 10 instead of 1 to 2 and 
base of antennal VI not .24 to .31 mm. 


Macrosiphum nigromaculosum MacDougall. 
MacDougall, Pan—Pac. Ent., Vol. 2, No. 4, p. 168, 1926. 
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Fic. 273. Macrosiphum nigromaculosum. 


Color —Summer viviparae.—Mahogany-red to Mars orange, alatae 
with head and thorax black and black band across abdominal V and VI 
and white intersegmental lines; cauda and legs yellow; cornicles black; 
antennae dusky; fore wings dusky at tip. 

Structural Characters —Apterous summer vivipara.—Body 3; hind 
tibiae 2.15; hind tarsi .17; antennae 3 to 4. Alate viviparae.—Body 
2 to 2.5; across eyes .55; hind tibiae 1.5 to 1.8; hind tarsi .15; antennae 3; 
rostrum attaining 2d. coxae. Ocular tubercles large. Lateral tubercles 
shallow. Hairs on vertex capitate or pointed, .03 in alata, .04 to .06 in 
aptera; on antennae .03 in alata, .03 to .04 in aptera; on outer side of 
hind tibiae pointed, .04 to .05 in alata; .05 to .07 in aptera; on side of 
abdomen blunt, .02 in alata, .04 in aptera. Body especially in aptera, 
truncate posteriorly and cornicles held at right angles. This habit, 
together with the striking color pattern, gives the species a very 
distinctive appearance. 

Collections —On leaves and stems of cultivated rose, at 
Log Cabin; fundatrix June 19; apterous summer viviparae 
July 9; alate viviparae July 9 to Aug. 21; oviparae Sept. 12; 
4 collections; rare. 


Taxonomy.—This species differs in some points from the 
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original description but as it agrees in the most striking points 
it seems best to place it here for the present. 


Macrosiphum niwanista (Hottes), n. comb. 
Hottes, Proc. Biol. Soc. Wash., Vol. 46, p. 16, 1933, Adactynus Rafinesque. 


Fic. 274. Macrosiphum niwanista. 


Color—Summer viviparae.—Light green; pulverulent; alata with 
head and thorax brown, abdomen with lateral areas and two indistinct 
dorsal bands; cornicles pale with dusky tips; cauda and tibiae pale; 
antennae dusky from tip of V in aptera, from tip of III in alata; veins 
slightly bordered. 

Structural Characters—Summer viviparae.—Body 2.2 in alata, 2.8 
in aptera; across eyes .65 to .76; hind tibiae 2.8; hind tarsi .20 to .23; 
antennae 4.3 to 4.8; rostrum attaining between 2d. and 3d. coxae. 
Hairs in aptera blunt or pointed; on vertex .05; on antennae .02 to .03; 
on outer side of hind tibiae .03 to .05; on side of abdomen .05. Lateral 
tubercles present on pronotum. 


Collections.—On leaves of Mertensia sibirica at Grand Mesa; 
apterous summer viviparae Aug. 4; alate vivipara Aug. 22; 
2 collections by F. C. Hottes. [Data for description from 
Hottes and from specimens loaned and contributed by him.] 


Macrosiphum packi Knowlton. 


Knowlton, Pan. Pac. Ent., Vol. 4, No. 4, p. 169, 1928; and Ibid, Vol. 5, No. 2, 
p. 79, 1928. 
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Macrosiphum packi. 
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Color.—Summer viviparae.—Apple-green to yellow, without mark- 
ings; frosted; cauda and tibiae dusky; cornicles blackish, paler at base; 
antennae black except joints I and II and base of III. Veins of wings 
rather heavy and slightly smoky. 

Structural Characters —Summer viviparae.—Body 3, in aptera, 1.6 
to 2 in alata; hind tibiae 1.5 to 2; hind tarsi .16 to .19; antennae 3.80 
to 4.50; rostrum acute but not with needlelike tip, nearly attaining 
2d. coxae in alata, attaining 2d. coxae in aptera. Hairs on vertex 
slightly capitate, .04 to .06; on antennae and outer side of hind tibiae 
blunt, .03 long, on body fan-shaped or funnel-shape, sessile on tubercle, 
numerous and giving frosted appearance, .02 to .025 long on side of 
abdomen. Male alate and with sensoria on antennal III, IV and V. 

Collections.—On leaves of Chrysothamnus graveolens near 
Wellington, Bellvue, LaPorte and Fort Collins; apterous sum- 
mer viviparae June 4 to Nov. 2; alate viviparae June 27 and 
28, sexuales Oct. 26 to Nov. 8; 11 collections; not abundant. 
On Chrysothamnus frigida; on the Laramie River near Sand 
Creek Pass Sept. 23; apterous viviparae, oviparae and alate 
males. These specimens differ in slightly shorter cornicles in 
apterous viviparae measuring .60 to .93, shorter antennae with 
III .75 to .90; IV .72 to .80; V .63 to .68; VI .14 to .15 + .83 
to 1; and slightly smaller body size. As no definite line of 
separation can, at present, be drawn it seems best to leave 
the two forms under the same name. 


Macrosiphum pelargonii (Kaltenbach). 
Kaltenbach, Mon. Pflanzenlause, p. 21, 1843, Aphis. 





Fic. 276. Macrosiphum pelargonit. 


Color—Summer viviparae.—Dark green; tibiae pale; cornicles 
dusky at tips; cauda and antennae dusky. 

Structural Characters —Summer viviparae.—Body 2 to 2.35; across 
eyes .48; hind tibiae 1.5 to 2; hind tarsi .15; antennae 2.5 to 3.2 in 
aptera, 3.1 to 3.4 in alata; rostrum attaining 2d. coxae in alata, sur- 
passing 2d. coxae in aptera. Hairs blunt to slightly capitate; on vertex 
.03 to .04; on antennae .015; on outer side of hind tibiae .02 to .03; on 
side of abdomen .01 to .02. 


Collections.—On leaves of Pelargonium sp., at Boulder and 
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Fort Collins; apterous summer viviparae May 4 to Sept. 27; 
I I 


alate viviparae May 16 to 28; 7 collections; not common. 


Macrosiphum pisi (Kaltenbach). 


Kaltenbach, Monog. Pflanz., p. 23, 1843, Aphis. See also Theobald, Aphid. 
Gr. Brit., Vol. 1, p. 127, 1926, and Davis, U. S. D. A., Bul. 276, 1915. 


Fic. 277. Macrosiphum pisi. 


Color—Summer viviparae.—Pale green, alata with head and thorax 
yellow-brown; cauda, legs and antennae pale; cornicles blackish distally. 

Structural Characters—Alate vivipara.—Body 2.5 and 2.7; across 
eyes .54; wing 3.6 to 4.2; hind tibiae 1.7 to 2; hind tarsi .15 to .17, 
antennae 3.1 to 3.5; rostrum nearly attaining 2d. coxae. Apterous 
summer vivipara.—Body 3 to 3.5; across eyes .64; hind tibiae 2.3 to 2.8; 
hind tarsi .15 to .17; rostrum as in alata. Hairs slightly capitate; on 
vertex .01 in alata, .015 in aptera; on antennae .01; on outer side of 
hind tibiae .02 to .03; on side of abdomen .01 in both alata and aptera. 


Collections.—On leaves and stems of Loco, Lathyrus odoratus, 
Medicago sativa, Melilotus sp., Pisum sativum and Trifolium 
sp., generally throughout the state; alate and apterous summer 
viviparae Mar. 22 to Nov. 23; sexuales not taken; 26 collections; 
common. 

Taxonomy.— Mac. pisi may be a synonym of A phis onobry- 
chidis Boyer but we are following Theobald (loc. cit). 


Macrosiphum rudbeckiae (Fitch). 
Fitch, Rept. Reg. Univ. St., N. Y. Cab. Nat. Hist., p. 66, 1851, Aphis. 


Fic. 278. Macrosiphum rudbeckiae. 


Color—Summer viviparae.—Brick-red; shining; alata with head 
and thorax red or reddishbrown; hair bases without dark areas; cauda 
reddish; tibiae brownishyellow in aptera, black in alata; cornicles 
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dusky to black on distal half in aptera 
dusky to black beyond base of III. 
Structural Characters —Summer viviparae.—Body 3 to 3.7 in alata, 
3.7 to 4.5 in aptera; wing 3.5 to 4.2; hind tibiae 2.8 to 2.9; hind tarsi 
.19 to .21; antennae 4.5; rostrum att: uining 3d. coxae. Hairs blunt; on 
vertex .04 in alata, .06 in aptera; on antennae .03 to .04 in alata, .04 to 
.05 in aptera; on outer side of hind tibiae .04 in alata, .04 to .OS in aptera; 
on side of abdomen .03 to .04 in alata, .05 to .07 in aptera. Male alate. 


, nearly to base in alata; antennae 


Collections—On stems of Rudbeckia laciniata and flava; 
generally throughout the state; fundatrices May 11 to May 
24; apterous and alate summer viviparae June 10 to Sept. 24; 
sexuales Sept. 17 to Nov. 9; 35 collections; very common, 
in large colonies, injurious and unsightly. 

Taxonomy.—This species differs from Mac. ambrosiae in 
color not being brown and in absence of dusky areas about 
hair bases, cornicles paler at base and sensoria on hind tibiae 
of oviparae not extending as far as one-third instead of over 
one-half. 


Macrosiphum sanborni Gillette. 
Gillette, Can. Ent., Vol. 40, p. 65, 1908. 
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Fic. 279. Macrosiphum sanborni. 


Color.—Summer_ viviparae.—Amber-brown to black posteriorly; 
shining; cauda and cornicles black; antennae dusky. 

Structural Characters—Summer viviparae.—Body 1.6 to 2; across 
eyes in alata .35; hind tibiae 1 to 1.24; hind tarsi .12 to .14; antennae 1.7 
to 2.2; rostrum attaining about to 2d. coxae in alata, nearly to 3d. coxae 
in aptera. Hairs pointed; in alata, on vertex .04, on antennae .03, on 
outer side of hind tibiae and side of abdomen .04; in aptera, on vertex 
.07 to .09, on antennae and on outer side of hind tibiae .06 to .07, and 
sides of abdomen .06 to .09. 


Collections —On leaves and tender stems of Chrysanthemums 
in greenhouses, at Grand Junction, Boulder and Fort Collins; 
alate and apterous viviparae all months of the year; 17 col- 
lections; rather common, often injurious. 

Types in U. S. Nat. Mus., Cat. No. 41945; paratypes in 
Colo. Agr. Exp. Sta. 
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Taxonomy.—This is the species described and erroneously 
determined by Sanborn (‘‘Kansas Aphid.’’ Kans. Univ. Sci. 
Bul., Vol. 3, p. 73, 1904) as Siphonophora chrysanthemi Oestlund. 
It is the same as Siphonophora chrysanthemicolens Williams 
(Univ. of Nebr. Dept. of Ent. Spec. Bul. No. 1, p. 8, 1891) listed 
(nomem nudum) and not described till 1910 (Univ. Studies, 
Lincoln, Nebr., Vol. 10, p. 75, 1910). 


Macrosiphum schranki Theobald. 


Theobald, Aph. Gr. Brit., Vol. 2, p. 402, 1927, new name for Macrosiphum urticae 
Schrank. See also Theobald, Aph. Gr. Brit., Vol. 1, p. 119, 1926. 
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Fic. 280. Macrosiphum schranki. 


Color —Summer viviparae.—Pale green to yellowish or pinkish, with 
dark green stripe on median line; cauda pale; cornicles pale, dusky at 
tip; legs and antennae brownish distally. + 

¢ Structural Characters —Summer viviparae.—Body 2.85 to 3.1; across 
eyes .60; hind tibiae 2.6 to 2.9; hind tarsi .13 to .14; antennae 4.5 to 4.8 
in alata, 4.6 to 5 in aptera; rostrum attaining 3d. coxae. Hairs blunt to 
slightly capitate; on vertex .03 to .04 in alata, .06 in aptera; on antennae 
.01: on outer side of hind tibiae .03; on side of abdomen .02 to .03. 
Male apterous. 


Collections —On leaves and stems of Urtica gracilis, at 
Boulder and Fort Collins; apterous summer viviparae May 24 
to Oct. 26; alate viviparae June 24 to July 24; oviparae Oct. 
26 to Nov. 7; males Oct. 26 to 27; 13 collections; rather common. 


Macrosiphum solanifolii (Ashmead). 

Ashmead, Can. Ent., Vol. 12, p. 91, 1881, and Ibid, Vol. 14, p. 92, 1882, Siphon- 
ophora (=Nectarophora asclepiadis Cowen in Gillette and Baker, Colo. Agr. 
Exp. Sta. Bul. 31, p. 123, 1895). 

Color—Summer viviparae.—Pink or pale green; cauda and legs 
pale; antennae and cornicles pale to dusky. 
Structural Characters—Summer viviparae.—Body 3; across eyes 

.50 to .55; wings 4.5 to 5; hind tibiae 2.2 to 2.3; hind tarsi .15 to .19; 

antennae 3 to 4; rostrum surpassing 2d. coxae. Hairs blunt to slightly 
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capitate; on vertex .03 to .05; on antennae .03; on outer side of hind 
tibiae .04; on side of abdomen .03. Male alate. 








Fic. 281. Macrosiphum solanifolit. 


Collections.—Winter host. On leaves and stems of rose 
and possibly other rosaceous plants as Agrimonia sp. and 
Potentilla sp. Summer hosts.—On leaves of Amaranthus sp., 
Apocynum sp., Aqutlegia sp., Radicula Armoracia, Asclepias 
speciosa, Castilleia sp., Chamanerium sp., Cineraria sp., Cornus 
sp., Cucurbita (pumpkin and squash), Echinocystis sp., Eriogo- 
num alatum, Geranium sp., Gladiolus, Helianthus sp., Heli- 
chrysum sp., Humulus lupulus, Iva sp., Lactuca sp., Malva sp., 
marigolds, Pentstemon sp., Pisum sativum, Polygonum sp., poppy, 
potato, Ribes sp., Rumex sp., Senecio sp., Sonchus sp., and 
tulip, generally throughout the state; fundatrices April 1 to 
23 on rose; apterous summer viviparae May 12 to July 19 
on rose; alatae Oct. 24 on rose, May 13 to Nov. 4 on summer 
hosts (all months of the year in greenhouse); oviparae Oct. 20 
to Nov. 1 on rose; males Oct. 13 to Nov. 19 on either host; 
80 collections; very common. 


Macrosiphum sonchella (Monell). 
Monell, Bul. U. S. Geol. and Geog. Surv. Terr. V, p. 21, 1879, Siphonophora. 


Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 22, p. 468, 1929, Macrosiphum 
williamsi, n. sp. 
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Fic. 282. Macrosiphum sonchella 


Color—Summer viviparae.—Brick-red, yellowish on head, thorax; 
tibiae and cauda yellow; cornicles black; antennae dusky after base 


of III. 





1934] Gillette and Palmer: Aphidae of Colorado 197 


Structural Characters—Summer viviparae.—Body 2 to 2.5; across 
eyes in alata .48; hind tibiae 1.7 to 2; hind tarsi .16 to .18; antennae 2.5 
to 3.4; wings 3 to 3.1; rostrum attaining 2d. coxae in alata, surpassing 
2d. coxae in aptera. Hairs blunt to slightly capitate; on vertex .02 to 
.03; on antennae .025 to .03; on outer side of hind tibiae .04; on side of 
abdomen .03 to .04. 


Collections—On leaves and stems of Lactuca sp., near 
Masonville and near Fort Collins, apterous summer viviparae 
May 30 and July 6; alate viviparae May 30 and June 2; 4 
collections; rare. 


Macrosiphum stanleyi Wilson. 
Wilson, Proc. Br. Col. Ent. Soc., No. 5, p. 82, 1915. 


Fic. 283. Macrosiphum stanleyi. 


Color. Summer viviparae.— Not observed before mounting. 
Mounted specimens show all appendages pale except tips of tibiae and 
antennae and entire tarsi. 

Structural Characters —Summer viviparae.—Body 3 to 4.4; across 
eyes .65; wings 5; hind tibiae 2.5 to 3.5; hind tarsi .15 to .16; antennae 
5 to 6; rostrum attaining or surpassing 2d. coxae. Hairs slightly 
capitate; on vertex .02 to .03 in alata, .03 to .04 in aptera; on antennae 
.02; on outer side of hind tibiae .03; on side of abdomen .03 in alata, 
.04 in aptera. Male alate. 


Collections.—On leaves and stems of Sambucus microbotrys 
in Estes Park and Pingree Park; apterous summer viviparae 
July 17; alate viviparae Aug. 22; sexuales Aug. 22 (at 9,000 ft. 
alt.); 2 collections; rare. 


Macrosiphum taraxaci (Kaltenbach). 


Kaltenbach, Monog. Pflanzl., p. 30, 1843, Aphis. See also Theobald, Aphid. Gr. 
Brit., Vol. 1, p. 97, 1926. 


Color.—Summer viviparae.—Reddish brown, with dusky areas at 
bases of hairs; all appendages black. 

Structural Characters—Summer viviparae.—Body 3; across eyes .50 
to .57; wings 3.5 to 4; hind tibiae 1.95 to 2.1; hind tarsi .16; antennae 
2.3 to 3.1 in aptera, 2.5 to 3.4 in alata; rostrum surpassing 2d. coxae 
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in alata, attaining 3d. coxae in aptera. Hairs slightly capitate; on 
vertex .03 to .05 in alata, .06 in aptera; on antennae .04 in alata, .05 
in aptera; on outer side of hind tibiae .06 to .OS; on side of abdomen .05. 
Male apterous. 


Fic. 284. Macrosiphum taraxaci. 


Collections.—On leaves and stems of Taraxacum officinale; 
fundatrices April 3 to 29; apterous and alate summer vivi- 
parae Nov. 17; oviparae Oct. 6 to Nov. 17; males Oct. 5 to 
Oct. 22; 36 collections; very numerous in large colonies on 
infested plants; common. 


Macrosiphum tenuitarsis Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 26, p. 363, 1933. 
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3. 285. Macrosiphum tenuitarsis. 


Color —Summer viviparae.—Apple-green, head and thorax brown 
in alata; cauda pale; cornicles black, paler at base; antennae with I, I] 
and base of III pale, remainder dusky to blackish; tibiae dusky to 
blackish. 

Structural Characters—Summer viviparae.—Body 2.5 to 3; hind 
tibiae 2.30 in alata, 2.35 to 2.75 in aptera; hind tarsi .20 to .22, slender, 
.02 to .025 wide, antennae 4 to 4.3; III .S5 to 1.06; IV .65 to .SO; V .60 
to .SO; VI .20 to .22 + .95 to 1.18; cornicles .SO to .92 in aptera, .65 to 
SO in alata; cauda .55 in aptera, .40 to .47 in alata for hard portion, .67 
for entire length in aptera, .50 to .56 in alata; rostrum obtuse, joint 
IV + V .14 long, attaining 2d. coxae in alata, surpassing 2d. coxae in 
aptera, fore wings 3.6 to4. Secondary sensoria circular, slightly convex, 
but not tuberculate, scattered along almost entire length of III, 27 to 
37 in number, 0 on IV or V in alata, 16 to 19 on III, 0 on IV or V in 
aptera. Hairs on vertex blunt, .025 to .03 long; on antennae and 
outer side of hind tibiae pointed, about .04; on side of abdomen blunt, 





1934 | Gillette and Palmer: Aphidae of Colorado 199 


04 long. Cornicles reticulated coarsely for .18 mm., finely and 
transversely to .25 or .27 mm. from tip. 

Collections. —On leaves of Aster laevis and sp., at Boulder, 
Bellvue, Poudre Canon, Estes Park and Fort Collins; apterous 
and alate summer viviparae July 15 and 16 and Aug. 2 and 4; 
sexuales Oct. 4 and 5; 5 collections; not common. 

Types in U. S. Nat. Mus., Cat. No. 49288; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Taxonomy.—This species is peculiar on account of the long 
slender tarsi and base of VI. It differs from Mac. subviride 
MacDougall (Pan-—-Pac. Ent., Vol. 2, No. 4, p. 170, 1926) in 
not Jeaving the Aster for an alternate winter host, in having 
longer cauda and tarsi and shorter unguis. It differs from 
Mac. lanceolatum Patch (Me. Exp. Sta. Bul. 282, p. 215, 1919) 
in having fewer caudal hairs, longer tarsi, shorter rostral 
IV + V, shorter tibial hairs, and in color not being red. From 
Mac. anomalae H. &. F. (Ill. Nat. Hist. Surv. Bul. 19, p. 298, 
1931) it differs in tarsi not being .12 long, sensoria on antennal 
III of apterous vivipara not numbering as many as 28 to 41, 
and in having longer antennae, cornicles and body. From 
Mac. erigeronensis Thos. it differs in the longer tarsi, and 
unguis not being shorter than III or cornicle. 


Macrosiphum valerianae (Clarke). 
Clarke, Can. Ent., Vol. 35, p. 253, 1903, Nectarophora. 
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Fic. 286. Macrosiphum valerianae. 


Color.—Summer viviparae.—Dark brown; cauda and tibiae dusky; 
antennae and cornicles black. 

Structural Characters —Summer viviparae.—Body 1.9 to 2.3; across 
eyes .50 to .53; wings 4 to 5; hind tibiae 2.2 to 2.9; hind tarsi .16 to .17; 
antennae 3.6 to 4.8; rostrum surpassing 2d. coxae in alata, attaining 
3d. coxae in aptera. Hairs slightly capitate; on vertex .02 to .04; on 
antennae .04; on outer side of hind tibiae .04 in alata, .06 in aptera; on 
side of abdomen .03. 
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Collections —On leaves and stems of Valeriana edulis and 
Chamanerium angustifolia, at Log Cabin, Laramie River, 
Pingree Park, Cameron Pass, Grand Mesa, and Fort Collins; 
apterous summer viviparae July 26 to Aug. 24; alate viviparae 
Aug. 4 to Nov. 16; 8 collections; rather common in large 
colonies, but host seldom observed. 


Macrosiphum wasintae (Hottes), n. comb. 
Hottes, Proc. Biol. Soc. Wash., Vol. 46, p. 19, 1933, Adactynus. 
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Fic. 287. Macrosiphum wasintae. 


Color.—Apterous summer vivipara.—Pale dull green; antennae pale 
to tip of III, dusky beyond; cornicles dusky beyond basal third; cauda 
greenish; tibiae light brown. 

Structural Characters.—Apterous summer vivipara.—Body 1.37 to 
1.7; across eyes .46 to .48; hind tibiae 2 to 3; hind tarsi .15; antennae 
3 to 3.6; rostrum attaining 3d. coxae. Hairs blunt; on vertex .025; on 
antennae .015 to .02; on outer side of hind tibiae .03 to .04; on side of 
abdomen .02 and sparse. 


Collections —On leaves of Dasiophora fruticosa, at Grand 
Mesa; apterous summer viviparae Aug. 4; a single collection 
by F. C. Hottes; rare and hard to find on account of solitary 
habit on under sides of leaves. (Data for description from 
Hottes and from specimens loaned and contributed by him.) 


Genus Myzus Passerini. 
Passerini, Gii Afidi, p. 27, 1860. 

Characters.—Frontal tubercles prominent and converging or gibbous, 
especially in aptera. Antennae 6-jointed, joint I gibbous; secondary 
sensoria subcircular, never tuberculate or numerous. Hairs blunt to 
slightly capitate, inconspicuous on antennae and tibiae, much shorter 
than diameter of joints bearing them. Cornicles rather long and 
subcylindrical to slightly clavate. Cauda short and tapering, rarely 
parallel-sided. Rostrum with terminal or 5th. joint indistinct. Lateral 
tubercles lacking. Ocular tubercles present. Fore wings with media 
twice forked; hind wings with both media and cubitus. 


Genotype, Aphis cerasi Fabricius (see below). 
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KEY TO SPECIES OF MYZUS. 
(Myzus circumflexus, page 202, not in key.) 
A. Cornicles with slight reticulation or transverse striae at tip. (Page 206), 


pseusodolani 
AA. Cornicles without reticulations. 
B. Hind tarsi not shorter than base of antennal VI. 
C. Cauda with 5 pairs of lateral hairs. (Page 202) enecads . .leucocrini 
CC. Cauda with less than 5 pairs of lateral hairs. lee a al abe Ie mahaleb 
BB. Tarsi shorter than base of antennal VI. 
C. Cornicles swollen. 
D. Tarsi shorter than rostral IV + V. (Page 204)............ monardae 
DD. Tarsi not shorter than rostralIV + V. (Page 204)...........persicae 
CC. Cornicles cylindrical. 
D. Unguis not shorter than antennal III. (Page 204)............persicae 
DD. Unguis shorter than antennal III. 
B.. Color, green to rusty. (Page 206)... 0. cccccccccccvecns mahaleb 
EE. Color, black. (Page 201) ; PRC er ere cerasi 


Genotype, Myzus cerasi (Fabricius). 


Fabricius, Syst. Ent., p. 734, 1775, Aphis. See also Theobald, Aph. Gr. Brit., 
Vol. 1, p. 292, 1926; and Gillette, Agr. Exp. Sta., Colo. Agr. Coll. Bul. 133, p. 42, 
1908, and Jour. Ec. Ent., Vol. 1, p. 363, 1908. 
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Fic. 288. Myzus cerasi. 


Color.—Summer viviparae.—Black; shining; cauda dusky to black; 
entire antennae black in alata, black on I, II, V and VI in aptera; 
cornicles black; tibiae yellow. 

Structural Characters.—Apterous summer viviparae.—Body 1.8 to 2; 
across eyes .43; hind tibiae .95 to 1.05; hind tarsi .10; ae 1.25 to 
1.6. Alate vivipara.—Body 1.4 to 1.6; across eyes .37 to .39; wings 
2.8; hind tibiae .93 to 1; hind tarsi .08; antennae 1.7. icacuen attaining 
2d. coxae in both alata and aptera. Hairs capitate, very sparse and 
inconspicuous; on vertex antennae and outer side of hind tibiae .01; on 
side of abdomen in aptera .01 and sparse, not evident in alata. Male 
alate. 


Collections.—On leaves and twigs of cherry (Prunus cerasus), 
(no alternate food plant found in the state), generally through- 
out the state; fundatrices April 14 to 27; apterous summer 
viviparae May 10 to Nov. 2; alate viviparae June 8 to Nov. 2; 
sexuales Nov. 2 to 17; 56 collections; common in large colonies, 
often injurious. 
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Myzus circumflexus (Buckton). 


Buckton, Monog. Brit. Aphid., Vol. 1, p. 130, 1875, Siphonophora. See Gillette, 
Can. Ent., Vol. 40, p. 19, 1908, A/ysus vincae, n. sp. Theobald, Jour. Ec. Biol., 
Vol. 8, pp. 116, 118, 1913. 
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Fic. 289. Mysus circumflexus. 

Color.—Summer viviparae.—Y ellow-green alata with blackish dorsal 
patch, aptera with blackish ‘‘U”’ shaped dorsal patch; all appendages 
pale in aptera, dusky in alata. 

Structural Characters —Summer viviparae.—Body 1.5 to 1.7; across 
eyes, .39 to .43; hind tibiae 1.35 to 1.4 in alata, 1.1 to 1.75 in aptera; 
hind tarsi .OS to .10; antennae 2.4 to 2.5; rostrum attaining 2d. coxae in 
alata, nearly to 3d. coxae inaptera. Hairs capitate; on vertex, antennae, 
outer side of hind tibiae and on side of abdomen .01 in aptera, not 
evident in alata. 

Collections—On leaves and stems of aster, Easter lily, 
Cyclamen, Oxalis, potato, violets, water hyacinth, Vinca sp., 
asparagus, asparagus fern, Aquwilegia sp. and Rumex sp. in 
greenhouses; apterous summer viviparae Sept. 14 to April 30; 
alata viviparae, rather rare, Oct. 25 to May 6; sexuales not 
taken; 28 collections; very common. 


Myzus leucocrini Gillette and Palmer. 
Gillette and Palmer, Ann. Ent. Soc. Amer., Vol. 22, p. 470, 1929. 
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Fic. 290. Mysus leucocrini. 


Color.—Alate summer vivipara.—Light green on head, pronotum 
and abdomen; dusky green dorsal dashes and lateral areas; orange 
areas about bases of cornicles; cauda pale to slightly dusky; cornicles 
and tibiae pale to dusky, especially distally; antennae pale on base of 
III, otherwise dusky; veins bordered. Apterous summer vivipara.— 
Light green in immature or young adults, brownish green in old adults; 
with conspicuous rusty blotches at cornicle bases; cauda pale; cornicles 
and legs dusky distally, antennae dusky distally on joints, pale basally. 
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Structural Characters —Summer viviparae.—Body 1.6 to 1.75; across 
eyes .35; hind tibiae .83 to 1; hind tarsi .13; antennae 1.6; rostrum 
attaining 2d. coxae. Hairs blunt; on vertex and antennae .006; on 
outer side of hind tibiae .01 to .02; on side of abdomen .01 and sparse. 

Collections.—On leaves of Leucocrinum montanum at Fort 
Collins; alate and apterous viviparae May 4 to 28; sexuales 
not taken; 7 collections; very abundant where they were found 
occurring but host not often examined. 

Types in U. S. Nat. Mus., Cat. No. 41921; paratypes in 
collection of Colo. Agr. Exp. Sta. 

Myzus mahaleb Koch. 


Koch, Die Pflanzenlause, p. 113, 1854. See also Pergande, U.S. D. A. Ent., Bul. 7, 
n. s., 1897, Mysus mahaleb Fonsc. 
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Fic. 291. Mysus mahaleb. 


Color. —-Alate vivipara.—Head and thorax brown; abdomen light 
green to rusty; with dusky dorsal patch and lateral areas; antennae, 
cauda and cornicles dusky; tibiae yellow. Apterous summer vivipara.— 
Apple-green to lettuce-green; appendages pale. 

Structural Characters —Summer viviparae.—Body 1.3 to 1.7; across 
eyes .44; hind tibiae .SO to 1.05; hind tarsi .10; antennae 1.3 to 1.6 in 
alata, 1.1 to 1.2 in aptera; rostrum surpassing 2d. coxae. Hairs blunt, 
very inconspicuous; on vertex, antennae and outer side of tibiae .01; 
on side of abdomen not evident. Male alate, 

Collections —On leaves and stems of tender shoots of 
Prunus mahaleb, near Fort Collins; fundatrix May 13; apterous 
summer viviparae May 18 to June 14; alate viviparae May 29 
to June 28 and Sept. 25 to Nov. 8; oviparae Oct. 9 to Nov. 1; 
males Sept. 30 to Nov. 3; 28 collections; common except during 
July and Aug. On leaves of Epilobium adenocaulon, near Fort 
Collins; apterous and alate summer viviparae June 15 to 
Nov. 23; alate males Sept. 30 and Oct. 6. Apterae on Epilobium 
were about one-third smaller than those on cherry, but other- 
wise inseparable. Epilobium appears to be a summer host 
but no transfer tests have been attempted. Spring alatae 
refused Chenopodium album, cabbage, Chrysanthemum and 
shepherd’sp-urse in cages. 
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Taxonomy.—This species has been placed as a synonym of 
Phorodon humuli by Theobald and others, but this cannot be 
correct because Koch distinctly mentions the lack of the 
finger-like projection on antennal tubercles. The Colorado 
specimens agree with Koch’s description. Myzus persicae is 
distinguished by much more gibbous antennal tubercles and 
first antennal joints, much longer antennae, especially the 
unguis and more slender often slightly swollen cornicles. 


Myzus monardae Williams. 
Davis, Williams’, ‘‘Aphid. Nebr., A Critical Review,’’ Univ. Studies, Lincoln, 
Nebr., Vol. 11, No. 3, p. 36, 1911. 
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Fic. 292. Mysus monardae. 


Color—Summer viviparae.—Yellow-brown; cauda pale; cornicles 
and tibiae brownish; antennae dusky beyond middle of III in aptera, 
entirely dusky, but with base of III lighter in alata; veins smoky. 

Structural Characters.—Apterous summer vivipara.—Body 1.25 to 
1.43; across eyes .36; hind tibiae .70 to .75; hind tarsi .07; antennae 
1.3 to 1.8; rostrum surpassing 2d. coxae. Alate vivipara.—Body 1.3 to 
1.5; across eyes .35; hind tibiae .80 to 1.03; hind tarsi .07; antennae 1.7 
to 1.9; rostrum surpassing 2d. coxae. Hairs in alata and aptera blunt, 
inconspicuous; on vertex and antennae .0)1; on outer side of hind tibiae 
01 to .015; on side of abdomen not evident. 


Collections.—On leaves of Monarda fistulosa, at Boulder, 
Bellvue and Fort Collins; apterous summer viviparae May 12 
to Nov. 6; alate viviparae May 30 to June 2; 12 collections; 
not common. 


Myzus persicae (Sulzer). 
Sulzer, Abgek. Gesch. Ins., p. 105, 1776, Aphis. See also Theobald, Aph. Gr. 

Brit., Vol. 1, p. 318, 1926, and Gillette, Jour. Ec. Ent., Vol. 1, p. 359, 1908, and 

Colo. Exp. Sta. Bul. 133, p. 32, 1908. 

Color —Fundatrix.—Pale green mottled with light salmon; cornicles 
black at tip. Summer viviparae.—Pale yellow to green, apterae in early 
summer with median and lateral longitudinal darker green stripes, alata 
with dark dorsal patch and lateral areas; cauda pale to dusky; tibiae 
pale; cornicles dusky; antennae dusky except base of III; veins not 
smoky. 

Structural Characters—Apterous and alate viviparae.—Body 


L.S 
to 2.1; across eyes .43; hind tibiae | to 1.55; hind tarsi .13; antennae 1.7 
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to 2.4 in aptera, 2.2 to 2.7 in alata; rostrum hardly attaining 2d. coxae 
in alata, nearly attaining 3d. coxae in aptera. Hairs blunt; on vertex 
01 in alata, .01 to .02 in aptera; antennae, outer side of hind tibiae and 
side of abdomen .01. Cornicles are cylindrical in spring forms and 
slightly swollen in fall. Male alate. 
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Fic. 293. Mvysus persicae. 


Collections.—As winter host, on leaves of peach and nectar- 
ine (Prunus persica) also plum, (P. domestica and americana), 
choke cherry (P. melanocarpa), cherry (P. cerasus), apricot 
(P. armeniaca), sand cherry (P. Besseyi); as summer host on 
leaves of Achyranthes sp., hollyhock (Althaea rosea), Amaranthus 
sp., snapdragon (Antirrhinum sp.), asparagus fern (Asparagus 
sp.), sugar beet (Beta vulgaris), rape (Brassica napus), cauli- 
flower and cabbage (B. oleracea), turnip (B. rapa), pot-marigold 
(Calendula officinalis) ,shepherds’-purse (Capsella bursa-pastoris), 
Carduus sp., carnation (Dianthus), lambs’-quarter Chenopodium 
album), Chrysanthemum, Cineraria sp., watermelon (Citreullus 
vulgaris), wild morning glory (Convolvulus sp.), cantaloupe 
(Cucumis Melo), foxglove (Digitalis purpurea), fetid mari- 
gold (Dysodia sp.) Lactuca spicata, Lepidium sp., Lilium candi- 
dum, Lupinus sp., tomato (Lycopersicum esculentum), Malva 
sp., Malavastrum coccinea, horseradish (Radicula armoracea), 
tobacco (Nicotiana tabacum), poppy, (Primula forbest), radish 
(Raphanus sativus), calla-lily (Richardia africanus), watercress 
(Roripa nasturtium), dock (Rumex sp.), Russian thistle (Salsola 
tragus), eggplant (Solanum melongena), potato (Solanum 
tuberosum) Stellaria media, Tanacetum balsamifera, red clover 
(Trifolium pratense) white clover (7. repens), nasturtium 
(Tropaelum majus), Tulipa sp., Verbena sp., Vicia sp., and 
Viola sp., generally throughout the state; fundatrices on winter 
host March and April} apterous summer viviparae on winter 
host Mar. 14 to May 22, on summer hosts May 15 to Nov. 2; 
alate viviparae (spring migrants) on winter host Mar. 23 to 
June 15 and (fall migrants) Sept. 12 to Nov. 11, on summer 
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hosts Apr. 25 to Nov. 9; sexuales on winter host Nov. 2 to 12; 
over 100 collections; very common and often injurious. 

Life history—The egg is laid on (Prunus sp.), peach, 
apricot, plum or cherry, where the fundatrices develop. The 
first generation are mostly apterous but the 3d. mostly alate 
and by the middle of June have left Prunus for summer hosts, 
where both alatae and apterae develop until Sept. when the 
fall migrants and alate males return to the winter hosts where 
the oviparae are deposited. A few viviparae may hibernate 
on summer hosts in favorable locations. 


Myzus pseudosolani Theobald. 
Theobald, Jour. Ec. Biol., Vol. 8, p. 127, 1913. Also Aphid. Gr. Brit., Vol. 1, 
p. 313, 1926. See also Patch, Me. Agr. Exp. Sta., Bul. 346, 1928. ‘‘The 
Foxglove Aphid.”’ 
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Fic. 294. Mysus pseudosolani. 

Color.—Summer viviparae.—Pale apple-green, darker green about 
cornicle bases especially in aptera, alata with dorsal broken inter- 
segmental dashes and lateral areas dusky; cornicles pale with black 
tips; cauda pale; tibiae brownish; antennae dusky; venation slightly 
heavy. 

Structural Characters —Summer viviparae.—Body 2 to 2.3; across 
eyes .47; hind tibiae 1.2 to 1.75; hind tarsi .10 to .11; antennae 2.8 to 3; 
rostrum attaining 2d. coxae in alata, surpassing 2d. coxae in aptera. 
Hairs slightly capitate; in alata; on vertex .015 to .02, on antennae and 
outer side of hind tibiae .015 to .02, on side of abdomen .015; in aptera; 
.02 to .04 on vertex, .0O1 on antennae, .02 to .03 on outer side of hind 
tibiae, .01 on side of abdomen. 


Collections.—On leaves of potato, tomato, gladiolus, Cine- 
raria, lettuce, Helichrysum sp., Leonurus sp. in flower beds 
and greenhouses, at Fort Collins; alate and apterous viviparae 
Sept. 3 to May 9; 10 collections; not common. 

Taxonomy.—The peculiarities of this species are the inter- 
segmental broken dorsal dashes in alata, the dark green areas 
at bases of cornicles in aptera, the rather large flange and 
indistinct tranverse reticulation on cornicles. The frontal 
tubercles approach Macrosiphum but the hairs and cauda 
are like Myzus. 
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Genus Phorodon Passerini. 
Passerini, Gli Afidi, p. 27, 1860. 
Characters.—Frontal tubercles each with a fingerlike projection 
which is especially prominent in apterae. Antennal joint I with 
medially projecting process. Other characters as in Mysus. 


Genotype, Aphis humuli Schrank (see below). 


KEY TO SPECIES OF PHORODON. 


A. Antennal IV longer than 3 times hind tarsi. On Mentha. (Page 208), 
menthae 


AA. Antennal IV not longer than 3 times hind tarsi. On Humulus. (Page 207), 
humuli 


Genotype, Phorodon humuli (Schrank). 


Schrank, Fauna Boica., II, p. 110, 1801, Aphis. See also Theobald, Aph. Gr. 
Brit., Vol. 1, 1926. Also Riley, U. S. D. A. Rept., 1888, p. 93, and Gillette, 
Colo. Agr. Exp. Sta., Bul. 133, p. 40, 1908. 
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Fic. 295. Phorodon humult. 


Color.—Summer viviparae.—Yellow to pale green, aptera darker on 
median lines and lateral areas, alata with dusky dorsal bands and 
lateral areas; cauda pale; cornicles and tibiae dusky; antennae dusky 
except base of III. Ovipara.—Dull olive-green, tinged laterally with 
red; all appendages dusky. Male.—Dark green. 

Structural Characters. — Apterous summer vivipara. — Frontal 
tubercles each with a fingerlike process. Body | to 2.3; across eyes .26; 
hind tibiae .42 to .78; hind tarsi .06 to .OS; antennae .93 to 1.09; rostrum 
attaining between 2d. and 3d. coxae. Alate vivipara.—Body 1.5 to 1.8; 
hind tibiae 1 to 1.3; hind tarsi .09; antennae 1.66 to 1.85; rostrum 
attaining 2d coxae. Hairs blunt; on vertex .()1 in alata, .03 in aptera; 
on antennae and outer side of hind tibiae .01; on body not evident. 
Male alate. 

Collections.—On leaves of plum (Prunus sp.) as winter 
host, on leaves of hop (Humulus lupulus) as summer host; 
generally throughout the state; apterous summer viviparae 
on plum June 17 to July 18 or a few all summer, on hops 
July 11 to Sept 29; alate viviparae on plum June 27 to July 11, 
on hop Aug. 21 to Sept. 19; oviparae on plum Oct. 28 to 
Nov. 25; males Oct. 16; 20 records; rather common. 
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Phorodon menthae (Buckton). 
Buckton, Mono. Brit. Aphid., Vol. 1, p. 120, 1875, Siphonophora. 
See also Theobald, Aphid. Gr. Brit., Vol. 1, p. 278, 1926. 
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Fic. 296. Phorodon menthae. 


Color.—Summer viviparae.—Yellow-green to apple green, mottled 
with darker, alata with head and thorax dark brown; cauda, cornicles 
and tibiae pale; antennae dusky; veins more or less heavy. 

Structural Characters—Apterous summer vivipara.—Body 1.5 to 
1.9; across eyes .33 to .43; hind tibiae .70 to .95; hind tarsi .09; antennae 
1.55 to 2; rostrum attaining between 2d. and 3d. coxae. Alate 
vivipara.—Body 1.5 to 1.66; across eyes .36; hind tibiae .95 to 1.08; 
hind tarsi .09; antennae 1.94 to 2.34; rostrum attaining between 2d. 
and 3d. coxae. Hairs in alata and aptera blunt; on vertex .015 to .025; 
on antennae .01; on outer side of hind tibiae .015 to .02; on side of 
abdomen .01 ‘to .02. 


Collections.—-On leaves of Mentha sp., at Boulder and Fort 
Collins; apterous summer viviparae all months of the year; 
alate viviparae all months except April, May and July; no 
sexuales taken; 26 collections; fairly common. 


Subfamily Eriosomatinae. 


Characters.—Vertex convex. Frontal tubercles lacking. Eyes in 
fundatrices 3-facetted, more or less rudimentary in summer apterae, 
compound in alatae. Wax glands present. Secondary  sensoria 
transverse or annular. Unguis shorter than base of VI (except in 
Mordvilkoja). Hairs inconspicuous (except in Asiphum). Cornicles 
rudimentary or absent. Cauda semilunar, inconspicuous. Fore wings 
with mediae once forked or simple. Rostrum 4-jointed, i. e., with 
5th joint indistinct. Sexes degenerate, small and without rostrum; 
oviparae laying but a single egg and hind tibiae without sensorialike 
structures; male without secondary sensoria on antennae. 


Living concealed in galls, pseudogalls, underground on roots, 
in ants’ nests or exposed on plants but covered with cottony 
secretion. 
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KEY TO TRIBES OF ERIOSOMATINAE. 


A. Wax glands composed of a row of facettes surrounding a central space. 

Cornicles distinct, pores usually on mammiform base. (Page 209), 
Eriosomatini 

AA. Wax glands not composed of row of facettes around central space. 

Cornicles indistinct, merely rings or absent. 

B. Secondary sensoria suboval to narrow and transverse. Living in 

galls or pseudogalls (except Prociphilus venafuscus Patch, on bark), 

on primary host, on roots or stems on secondary host. (Page 216), 
Pemphigini 

BB. Secondary sensoria oval to ng ae Living subterranean and with 
ants; primary host unknown in U.S. A. (Page 236) Fordini 


KEY TO GENERA OF ERIOSOMATINI. 
A. Tarsi distinctly 2-jointed in all forms. 

B. Mediae of fore a once-forked; antennae 5-jointed in fundatrices. 
(Page 209). ; st Eriosoma 

BB. Mediae of fore w ings variable, once forked or simple; antennae 4-jointed 
in fundatrices. (Page 213).. Gobiashia 

AA. Tarsi with suture between first and second joint indistinct or lacking in 
apterae. (Page 214)......... Tetraneura 


Genus Eriosoma Leach. 
Leach, Trans. Hort. Soc., London, Vol. 3, p. 60, 1818. 


Characters.—Vertex convex. Frontal tubercles lacking. Antennae 
5-jointed in fundatrices and sexuales, 6-jointed in summer viviparae. 
Secondary sensoria annular. Wax glands present on viviparae; com- 
posed of facettes surrounding a center. Cornicles distinct rings on 
slightly mammiform bases. Cauda and anal plate rounded. Hairs 
pointed, very short and inconspicuous. Fore wings with mediae once 
branched; hind wings normally with both media and cubitus. Living 
in pseudogalls or exposed on plants or on roots. 


Genotype, Aphis lanigera Hausmann (see below). 


KEY TO SPECIES OF ERIOSOMA. 


A. Antennal III shorter than IV + V + VI. In curled leaves of Ulmus 
americana and on roots and leaves of Amelanchier sp. (Page 211), 
americanum 
AA. Antennal III not shorter than IV + V + VI. 
B. Mediae in fore wings with fork distinctly distad of origin of radial 
sector. Colonies on bark of Ulmus. (Page 212 
BB. Mediae of fore wings with fork not distinctly distad of origin of radial 
sector. 
C. Sensoria on antennal V, 4 to 6. On roots, bark and leaves of apple 
and in rosette leaf galls on Ulmus americanum. (Page 210), 
lanigerum 
C. Sensoria on antennal V, 6 to 10. On bark of small branches of 
Crataegus. (Page 211) we ea crataegi 
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Genotype, Eriosoma renee (Hausmann). 


Hausmann, Mag. f. Ins. v. Karl lige r., I., p. 440, 1802, Aphis. See also The ob: al l, 
Aph. Gr. Brit., Vol. III, p. 275, 1929, and Patch, Me. Agr. Exp. Sta. Bul. 256, 
1916, and Gillette, Jour. Ec. Ent., Vol. 1, p. 306, 1908, Schizoneura 
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Fic. 297. Eriosoma lanigerum. 

Color.—All forms.—Pinkish to reddish-brown, darker on tip of 
abdomen, covered with fluffy waxy secretion; antennae dusky, tibiae 
yellowish to slightly dusky. Ovipara.—Brown-ochre. Male.—Greenish 
brown. 

Structural Characters —Fundatrix (on elm).*—Body 2 to 2.5; hind 
tibiae .36 to 40; hind tarsi .10; antennae .46 to .55. Apterous summer 
vivipara, 2nd. gen. (on elm).—Body 2.5; hind tibiae .75; hind tarsi .17; 
antennae .S1 to 1; rostrum attaining 2d. coxae. (On apple).—Body 
2 to 2.5; across eyes .45; hind tibiae .50; hind tarsi .10; antennae .55 to 
59; rostrum attaining 2d. coxae. Alate vivipara on elm and apple. 
Body 2.2; across eyes .45; fore wings 2.8; hind tibiae .75 to .90; hind 
tarsi .15 to .19; rostrum hardly attaining 2d. coxae. 

Collections —On leaves of Ulmus americana, curled into 
terminal rosette, as winter host, on apple, as alternate host on 
twigs, roots and on bark especially, in crevices of swellings 
~aused by their feeding. Generally throughout the state; 
fundatrices on Ulmus May 6 to May 19; apterous summer 
viviparae May 13 to July 24 on Ulmus, all months of the 
year on apple (hibernating viviparae during the fall and winter) ; 
alate viviparae on Ulmus May 13 to July 25, on apple June 
20 and Aug. 22 to Oct. 24 (especially numerous during Sept.) 
sexuales Sept. 6 to 26 (obtained only by confining fall migrants 
leaving apple); 200 or more collections and observations; very 
common and often injurious. 

Though the eggs are laid on elm, elm is not necessary for 
the existence of this aphid as they hibernate on the apple in 


*First drawing in figure. The body of ‘‘apt. viv.’’ in figure. 
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the apterous viviparous state. In some heavily infested sections 
of the western part of the state elm-leaf cluster galls are rare 
or absent. In Australia very heavy infestations occur on 
apple in spite of the complete absence of elms. 


Eriosoma americanum Riley. 


Riley, U. S. Geol. and Geog. Surv. Bul. 5, pp. 4-9, 1879. Patch, Me. Agr. Exp 
Sta. Bul. 241, 1915. 
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Fic. 298. Eriosoma americanum. 


Color.—Fundatrix.—Sordid amber to mottled olive-green, darker on 
head; woolly; antenna and legs dusky. Apterous summer vivipara on 
Amelanchier.—Light pink; woolly. Alate vivipara.—(On elm).—Dark 
green to slatey black, woolly; heé id, thorax, antennae, tibiae and stigmae 
black or blackish. Ovipara.—Bright yellow to sordid amber; legs and 
antennae pale. Male.—Brown. 

Structural Characters.—Fundatrix.—Body 2.4 to 2.6; hind tibiae .45; 
hind tarsi .13; antennae .50 to .54; rostrum attaining between 2d. and 
3d. coxae. Alate and apterous summer viviparae.—Body 2 to 2.5; 
hind tibiae .S to 1.2; hind tarsi .16 to .22; antennae 1 to 1.26; fore 
wings 3 to 3.8; rostrum attaining 2d. coxae. Wax glands not visible 
on fundatrices and apterous summer viviparae in mounted specimens, 
evident on alatae as circles surrounding a central space. Ovipara.— 


Body .7. Male.—Body 

Collections.—In curled leaves of U/mus americana, as winter 
host (leaves rolled on under side); roots of Amelanchier 
alnifolia, as summer host, generally throughout the state; 
fundatrices on elm May 15 to June 24; apterous summer 
viviparae on elm May 19 to July 19 and Sept. 28, on Amelanchier 
June 9 to Oct. 23; alate viviparae (spring migrants) on elm 
leaves June 2 to July 26 and on elm bark (fall migrants) Aug. 
24 to Oct. 18, on Amelanchier July 9 to Sept. 20; sexuales 
Oct. 6; over 100 collections; common. 


Eriosoma crataegi (Oestlund). 
Oestlund, Geol. and Nat. Hist. Surv., Minn. Bul. 4, p. 27, 1887, Schizoneura. 
Color. —All forms.—Dark slatey; wool forming two long filaments 
from tip of abdomen, not fluffy. Body fluid from crushed specimens 


dark brown to black. Ovipara—Golden yellow. Male—Dusky 
yellow. 
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Structural Characters —Summer viviparae.—Body 2 to 3; across 
eyes .43; hind tibiae .7 to 1; hind tarsi .15 to .18; antennae .77 to 1.1; 
rostrum hardly attaining 2d. coxae in alatae, attaining 3d. coxae in 
aptera. Fore wings 4.1. Ovipara.—Body .75. Male.—Body 
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Fic. 299. Eriosoma crataegt. 


Collections.—On stems of Crataegus sp. at Denver, Boulder 
and Fort Collins; apterous summer viviparae July 8 to Oct. 3; 
alate viviparae Sept. 3 to Oct. 27; oviparae obtained Nov. 2, 
deposited by imprisoned fall migrants; 19 collections; not 
common. They all leave the Crataegus in the fall. 

On leaves and tender twigs of Ulmus fulva we have taken 
a form which seems indistinguishable from FE. crataegi. It 
causes a leaf curl cluster similar to E. lanigerum on Ulmus 
americanum. It differs from E. lanigerum in the secretion 
forming long filaments instead of being fluffy, also the time of 
leaving the galls by spring migrants was observed to be later 
in this form. Taken at Denver and Fort Collins, apterous 
and alate viviparae July 11 to 24 and Sept. 11 to Oct. 9; 11 
collections in large colonies but host is scarce. 

Taxonomy.—It appears probable that the form on Ulmus 
fulva may be the winter form of E. crataegi but no transfer 
tests have been attempted here. 


Eriosoma rileyi Thomas. 
Thomas, Trans. Illinois Hort. Soc., Vol. 10, p. 191, 1877, new name for Eriosoma 
ulmi Riley, First Ann. Rept. Nox. and Ben. Ins. Mo., p. 123, 1869. Also see 
Patch, Me. Agr. Exp. Sta. Bul. 181, p. 235, 1910, and Bul. 220, 1913. 
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Fic. 300. Eriosoma rileyi. 


Color.—Fundatrix.—Dark chestnut-brown; cottony; antennae and 
legs dusky. Apterous sexupara.—Dull yellow-brown; woolly; antennae 
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and legs dusky brown. Ovipara.—Light yellowish; with tufts of secre- 
tion. Male.—Greenish yellow; with cottony tufts. 

structural Characters.—Apterous summer viviparae.—Body 1.75 to 
2; hind tibiae .35; hind tarsi .10; antennae .45 to .54; rostrum attaining 
between 2d. and 3d. coxae. Alate vivipara.—Body 2.25; across eyes .43; 
hind tibiae .70; hind tarsi .14; fore wings 3.1; antennae .77 to .84. 
Ovipara.—Body .73 to .SO; antennae .17. 


Collections.—On bark of Ulmus americanum, not producing 
galls; at Sterling, Fruita, Rocky Ford, Denver and Fort Collins; 
fundatrices May 24 to 31; apterous and alate summer viviparae 
June 13 to July 24 and Sept. 4 to Oct. 12; sexuales Oct. 23 to 
29; 13 collections; rather common at times. 

Taxonomy.—This species is distinguished from E. american- 
um and E. lanigerum by the shorter antennae of the fundatrix 


and the narrower secondary sensoria with wider spaces between 
in the alata. 


Genus Gobaishia Matsumura. 


Matsumura, Synop. Pemph. Japan, 75, 1917. See also Tullgren, Arkiv. F. Zool., 
V., 14, 182, 1908, Brysocrypta. 


Characters.—Antennae 4-jointed in fundatrix, 6-jointed in viviparae. 
Secondary sensoria in alata annular. Tarsi 2-jointed. Mediae of fore 
wings once forked or simple. Hind wings with both media and cubitus. 
Wax glands consist of single row of facettes surrounding a central area 
feebly developed. 


{[Genotype, Gobaishia japonica Matsumura.] 
Matsumura, Essays Nawa, 39-94, 1917. 
This species is not described or figured here since neither 
specimens nor original description was available. 


Gobaishia ulmifusus (Walsh and Riley) 
Walsh and Riley, Amer. Ent., Vol. 1, p. 109, 1869, Pemphigus. 
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Fic. 301. Gobaishia ulmifusus. 


Structural Characters—Fundatrix.—Body 2; hind tibiae .35; hind 
tarsi .10; antennae .26; rostrum attaining between Ist. and 2d. coxae. 
Alate vivipara.—Body 1.45; hind tibiae .55; hind tarsi .12; antennae 
.5d to .60; rostrum as in aptera. 
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Collections.—In baglike galls on upper surface of leaves 
of red or slippery elm (Ulmus fulva), at Longmont, fundatrices 
and alate viviparae; loaned to us by A. C. Maxson. Host 
plant is rare in this locality. 


Genus Tetraneura Hartig. (Kaltenbach).* 
Hartig, Germar’s Zeitschr. f. Ent., III, 366, 1841, Kaltenbach, Monog. Pflanzenl., 

p. 189, 1843. 

Characters —Antennae 4-jointed in fundatrix, 5-jointed in summer 
vivipara, 6-jointed in alata. Secondary sensoria in alata annular. 
Tarsi with Ist. joint not distinctly separated in aptera. Mediae of fore 
wings simple. Cubitus absent in hind wings. Cornicles on mammiform 
bases. Living subterranean or in galls. 


[Genotype, Tetraneura ulmifoliae Baker.] 
Baker, U.S. D. A. Bul. 826, p. 68, 1920, new name for A phis ulmi Geoffroy. 
Characters.—Similar to Tetraneura ulmisacculi Patch. (See below.) 


Tetraneura graminis Monell. 


Monell, Can. Ent., Vol. 14, p. 16, 1882. See also Patch, Me. Agr. Exp. Sta. Bul. 
181, p. 208, 1910. 
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Fic. 302. Tetraneura graminis. 


Color.—Fundatrix.—Pale yellow; legs and antennae blackish. 
Alate vivipara.—Green to brown or black; legs dusky; antennae black. 

Structural Characters.—Fundatrix.—Body 1.5 to 2; hind tibiae .23 to 
.29; hind tarsi .04 to .06; antennae .20; rostrum attaining 2d. coxae. 
Apterous summer vivipara.—(On grass).—Body 1.5 to 1.8; hind tibiae 
.15 to .20; hind tarsi .04 to .06; antennae .10 to .17; rostrum attaining 
between Ist and 2d. coxae. First tarsal joint indistinct in apterae. 
Alate vivipara.—Body 1 to 1.6; hind tibiae .35 to .50; hind tarsi .08 
to .10; antennae .35 to .50 after II, .40 to .50 entire length; rostrum 
attaining between Ist. and 2d. coxae. Cornicles lacking. Cauda 
minute, semilunar. Hairs inconspicuous. Rostral IV + V same in all 
viviparous forms. 


*The setting of genotype for this genus has not been entirely according to 
rule (see Baker, loc. cit., also Davidson. Brit. Aphid., p. 98, 1925) and some con- 
sider Byrsocrypta Halliday with type set by Fitch (N. Y. Rept., p. 7, 1855, Foot- 
note) as Aphis ulmi Geoffroy to be the proper name to use. Fitch’s work not 
being generally available was overlooked and the use of Byrsocrypta confused by 
being applied to species of two other genera. It hardly seems advisable now to 
replace a name having the long usage of Tefraneura with a name which has as 
confused a record as Byrsocrypta. 
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Collections.—As winter host in cockscomb galls on leaves 
of Ulmus americana, as summer host on leaves of rice cut- 
grass (IZomalocenchrus oryzoides) at Boulder, Holyoke and Fort 
Collins; fundatrices on winter host June 8 to July 3; apterous 
summer viviparae, in galls very scarce July 3, on “ae July 
22 to Sept. 18; alate viviparae on elm June 12 to July 23, on 
grass Sept. 1 to 29; sexuales not taken; 42 collections; rather 
common. 


Tetraneura ulmisacculi Patch. 
Patch, Me. Agr. Exp. Sta. Bul. 181, p. 216, 1910. 
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Fic. 303. Tetraneura ulmisacculi. 


Color.—Fundatrix.—Dark green, mottled, head brown, slightly 
powdery; antennae and tibiae dusky. Hibernating vivipara.—Russet 
vinaceous, tinged with yellow laterally; antennae and tibiae dark. 
Summer apterous vivipara.—Flesh-ochre to pinkish cinnamon; brown 
on head; antennae and tibiae slightly brownish. 

Structural Characters.—Fundatrix.—Body 2.1; hind tibiae .30; hind 
tarsi .07; antennae .25; rostral IV + V .09, surpassing 2d. coxae. 
Hibernating vivipara.—Body 2.5; hind tibiae .40; hind tarsi .10; 
antennae 5-jointed .45 to .56; rostral IV + V .23; surpassing 2d. coxae. 
Summer apterous vivipara.—Body 2.5; hind tibiae .40; hind tarsi .10; 
antennae 6-jointed, .45 to .56; rostrum as in hibernating vivipara. 
Alate vivipara.—Body 2.1; wing 2.5; hind tibiae .50 to .60; hind tarsi 
.14; antennae .65 to .85, after II .50 to .70; rostral IV + V .15, not 
attaining 2d. coxae. Cauda rounded, bearing 2 long hairs. 


Collections.—On winter host in bladderlike galls on upper 
side of leaves of Ulmus campestris, on summer host on roots of 
Agropyron sp. and other grasses, at Cherokee Park and Fort 
Collins; fundatrices on elm May 7 to June 20; hibernating 
viviparae in ants’ nests and on grass roots Apr. 2 to May 24; 
summer apterous viviparae on grass roots throughout the 
summer; alate viviparae on elm June 27 to July 12 and Aug. 
31 to Sept. 19, on grass June 29 to Oct. 8; sexuales Sept. 19; 
42 collections; common. 
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KEY TO GENERA OF PEMPHIGINI. 


A. Fore wings with media once forked. (Page 216)................005 Asiphum 
AA. Fore wings with media simple. 
B. Vertex in aptera, with median hornlike projection, in alata somewhat 
NE, OID BO ca: 6.o ceicik ssi Reh Oaesa ne be bee GRe See ned Cornaphis 
BB. Vertex but slightly convex. 
C. Unguis longer than base of VI and bearing sensoria. (Page 220), 
Mordvilkoja 
CC. Unguis shorter than base of VI. 
D. Antennae of fundatrix 4-jointed. Living in true galls. (Page 221), 
Pemphigus 
DD. Antennae of fundatrix 5-jointed. Not living in true galls. 
E. Wax glands on dorsum of mesothorax of alata large, i. e., with 
diameter equal to intervening distance. (Page 229)...Prociphilus 
EE. Wax glands not well developed on dorsum of mesothorax of 
alata, i. e., with diameter less than distance between glands. 
NE ENE So, irene ovloweumeaens Mina Ocuaaieae Coke ees Thecabius 


Genus Asiphum Koch. | 
Koch, Die Pflanzenl. Aphiden, p. 246, 1857. See also Baker, U. S. D. A. Bul. 826, 

p. 75, 1920. 

Characters.—Vertex convex. Frontal tubercles lacking. Wax plates 
composed of many equal-sized facettes surrounded by chitinous ring, 
present in alata. Antennae 5-jointed in fundatrix, 6-jointed in alata. 
Secondary sensoria transverse. Cornicles absent. Cauda rounded, 
semilunar. Fore wings with mediae only forked; hind wings with both 
media and cubitus present. 


Living in pseudogalls on leaves. 






Genotype Aphis populi Fab. (=tremulae De Geer). (See below.) 


KEY TO SPECIES OF ASIPHUM. 


A. Fore wings smoky. Hairs in aptera prominent, on antennae longer 
than diameter of antennae. (Page 217).................0.6-- .... sacculi 

AA. Fore wings hyaline. Hairs inconspicuous, not longer than diameter 
of antennae. (Page 217) pa aan eieie vcs pseudobyrsa 

B. Hind tarsi of alata shorter than 1.5 times IV. Hind tibiae shorter 










than 3 times III. (Page 217).......... ‘ Bs ....pseudobyrsa 
BB. Hind tarsi of alata nearly 2 times IV. Hind tibiae 3 times as long 
RUE. CN E.G cred aie aie eae hein aNage Craik eile Gre were rosettei 









[Genotype, Asiphum tremulae (DeGeer).| 
DeGeer, Mem. pour servir a l’hist. d. Ins., III, 94, 1773, Aphis. See also Tullgren, 
Arkiv. Zool. Bd. 5, No. 14, p. 64, 1909. 
Characters—Same as in description for genus and differing from 
Asiphum sacculi Gillette only in length of antennae and tibiae and in 
character of gall. 







The gall occurs on Populus tremula and consists of bent 
petioles next to leaf where the feeding puncture is made. 
Fundatrix lives on the older bark. [Data from Tullgren 
(loc. cit.)] Not recorded from the state. 
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Asiphum pseudobyrsa (Walsh). 


Walsh, Proc. Ent. Soc. Phila., Vol. 1, p. 306, 1862, Byrsocrypta and Ibid., Vol. 6, 
p. 208, 1866. See also Gillette, Ent. News, Vol. 25, p. 269, 1914. 


Gall Ay, . 


Fic. 304. Asiphum pseudobyrsa. 


Color.— Fundatrix.— Yellow-olive-green, head blackish, heavily 
powdered; tibiae and antennae dusky. Alate vivipara.—Dusky to 
black; cottony; tibiae and antennae pale yellow; venation faint with 
black line along subcosta. 

Structural Characters —Fundatrix.—Body 4; hind tibiae .50; hind 
tarsi .13 to .15; antennae .55 to .65; rostrum attaining 2d. coxae. Alate 
vivipara.—Body 3.5; fore wing 3.50 to 3.75; hind tibiae .65 to .75; hind 
tarsi .15 to .19; antennae .80 to .97; rostrum attaining between Ist. and 
2d. coxae. Mediae of fore wings usually once forked, occasionally 
simple. Permanent sensoria with cilia. Wax glands indistinct, com- 
posed of many equal-sized facettes, present in alata. Hairs incon- 
spicuous, .04 to .05 long. 

Collections—In pseudogalls of leaves of Populus sargentii* 
at Grand Junction, Rocky Ford, La Porte and Fort Collins; 
fundatrix May 27 to June 18; alate viviparae June 16 to July 
13; 14 collections; not common. Fundatrix living in same 
leaf as progeny but on midrib with young locating on branch 
veins. Second generation alatae (fundatrigeniae) all leave the 
tree, probably for a summer host. 


Asiphum sacculi Gillette. 
Gillette, Ann. Ent. Soc. Amer., Vol. 7, p. 65, 1914. 
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Fic. 305. Asiphum saccult. 


Color.—Fundatrix.—Slatey gray with head brown; covered with fine 
powder; tibiae and antennae brown. Alate vivipara.—Olive-green with 
head and antennae blackish; tibiae yellowish; fore wings slightly smoky. 


*Note by Gillette (loc. cit.) that host is Populus coccinea is an error. 
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Structural Characters —Fundatrix.—Body 4.5 to 5; hind tibiae .7 to 
.8; hind tarsi .16; antennae .60 to .76; rostrum surpassing 3d. coxae. 
Alate vivipara.—Body 3 to 4; hind tibiae .85 to 1.1; hind tarsi .20 to .25; 
antennae .92 to 1; rostrum attaining 2d. coxae. Hairs conspicuous, 
pointed in alata, on vertex .05 to .O8, on antennae .01 to .02, on outer 
side of hind tibiae .05, on cauda .11 to .15, on side of abdomen .OS to .10; 
in aptera on vertex .10, on antennae .08, on outer side of hind tibiae .06, 
on side of body .08 to .10. Wax plates indistinct, composed of many 
equal-sized facettes surrounded by a ring. 


Collections.—In pseudogall of crumpled leaves with edges 
turned in, on Populus angustifolia, Estes Park, Manitou, 
Pingree Park and Ward; fundatrices June 13 to Aug. 9; alate 
viviparae June 13 to Aug. 20; sexuales not taken; 9 collections; 
not common. 

Type in U. S. Nat. Mus., Cat. No. 41930; paratypes in col- 
lection of Colo. Agr. Exp. Sta. 


Asiphum rosettei Maxson. 
Maxson, Ann. Ent. Soc. Amer., Vol. 27, p. 40, 1934. 
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Fic. 306. Asiphum rosettei. 


Color.—Fundatrix and fundatrigenia.—Mounted in balsam; head, 
antennae, legs and in alata, thorax light brown. Stigma pale yellowish 
brown. 

Structural Characters —Fundatrix—Body 2.76; hind tibiae .48; 
hind tarsi .15; antennae 5-jointed, .60; III .20; IV .08; V .15 + .02. 
Hairs pointed and curved; on antennae .03; on outer side of hind tibiae 
and side of abdomen .05 to .07. Rostral IV + V .138, attaining 2d. 
coxae. Alate fundatrigenia.—Body 2.2; hind tibiae .9 to 1.05; hind 
tarsi .27 to .31; antennae 6-jointed, 1.03 to 1.08; III .28 to 33; IV .13 
to .16; V .16 to .19; VI .20 + .03 to .04; fore wings 4; rostrum as in 
fundatrix. Hairs pointed and curved, on antennae .03 and sparse; on 
outer side of hind tibiae .08. Wax glands present on metathorax with 
diameter shorter than distance between glands, also present on 
abdominal segments 1 to 7. Permanent sensoria with cilia. Secondary 
sensoria 4 to 7 on III, 1 to2 on IV,0 on V or VI. Hind wings with 
media and cubitus arising either together or apart. 


Collections.—On petioles and leaves of Populus tremuloides, 
causing leaves to be bent backward at base and stunting stems 
so as to form a rosette (fundatrix feeds on petiole and funda- 
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trigeniae on unexposed side of leaves) in Canon of South St. 
Vrain, Boulder Co. (alt. 7,000 ft.) ; fundatrix and fundatrigeniae 
in July; a single collection by A. C. Maxson; very rare. 

Taxonomy.—This species differs from Asiphum iremulae De 
Geer according to Tullgren in the presence of wax glands on 
the metathorax and the smaller number of secondary sensoria 
on antennae of fundatrigeniae. 

(Data for description and figures from description by A. 
C. Maxson and from type specimens loaned by him.) 


Genus Cornaphis Gillette. 
Gillette, Ann. Ent. Soc. Amer., Vol. 6, p. 491, 1913. 


Characters.—Vertex produced, in summer vivipara forming a horn, 
in alata forming a raised base for the ocellus. Frontal tubercles lacking. 
Cornicles present as rings. Antennae 5-jointed in fundatrix, 6-jointed 
in alata; secondary sensoria narrow-oval and transverse. Cauda semi- 
lunar. Media of fore wings simple; hind wings with both media and 
cubitus. Wax plates composed of many equal facettes surrounded by 
ring, present in summer aptera. 


Living in galls on leaves; fundatrix in same gall as progeny. 
Genotype, Cornaphis populi Gillette. 


Cornaphis populi Gillette. 
Gillette, Ann. Ent. Soc. Amer., Vol. 6, p. 491, 1913. 
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Fic. 307. Cornaphis populi. 


Color.—Fundatrix.—Slatey gray with head black and 4 spots on 
pronotum; powdery; antennae and legs black. Apterous summer 
viviparae.—(fundatrigenia).—Light straw-yellow with head and 4 
patches on pronotum black; legs and antennae dusky. Alate vivipara.— 
Pale greenish yellow with head and antennae dusky. Sexuales.— 
Yellowish green. Gall pale or red-streaked. 

Structural Characters —Fundatrix.—Body 2.75; hind tibiae .31 to 
.35; hind tarsi .10 to .12; antennae .40; rostrum attaining between 
2d. and 3d. coxae. Wax plates absent. Apterous summer vivipara.— 
Body 2 to 2.25; hind tibiae .40 to .50; hind tarsi .13 to .15; antennae .58; 
rostrum attaining 3d. coxae. Alate sexupara.—Body 2 to 2.25; fore 
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wings 2.75; hind tibiae .70 to .85; hind tarsi .18 to .20; antennae .74 to 1; 
rostrum attaining between Ist and 2d. coxae. Cilia on permanent 
sensoria weak. 

Collections.—In podlike galls composed of folded edges of 
leaves of Populus angustifolia, at Monte Vista, South St. Vrain 
Canon and Fort Collins, also in Wyoming a few miles from 
Northern boundary of Colorado; fundatrices June 25; apterous 
and alate summer viviparae July 10 to 15; sexuales July 15; 
8 collections; rare. Fundatrix, apterous fundatrigeniae and 
alate sexuparae all develop in the same gall. 

Types in U. S. Nat. Mus., Cat. No. 42815; paratypes in 
collection of Colo. Agr. Exp. Sta. 


Genus Mordvilkoja Del Guercio. 
Del Guercio, Rivista Patol. Veget., Vol. 4, p. 11, 1909. 

Characters.—Vertex convex. Frontal tubercles lacking. Antennae 
4-jointed in fundatrices, 6-jointed in alata. Unguis longer than base of 
VI. Secondary sensoria, narrow and transverse. Permanent sensoria 
with cilia. Cornicles hardly more than mere rings. Cauda semilunar. 
Mediae of fore wings simple; hind wings with both media and cubitus. 


Living in galls; fundatrix and offspring living together. 
Genotype, Brysocrypta vagabunda Walsh. 


Genotype Mordvilkoja vagabunda (Walsh). 


Walsh, Proc. Ent. Soc. Phil., Vol. 1, p. 306, 1862, and Vol. 2, p. 462, 1863, Byrso- 
crypta. See also Oestlund and Hottes, Ann. Ent. Soc. Amer., Vol. 19, pp. 75 to 
81, 1926; and Gillette, Ann. Ent. Soc. Amer., Vol. 7, p. 67, 1914. 
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Fic. 308. Mordvilkoja vagabunda. 


Color.—Fundatrix.—-Yellow-green, with head dusky; powdery; 
tibiae and antennae pale, dusky distally. Alate vivipara.—Head and 
thorax black, abdomen green; pruinose; tufted posteriorly; antennae 
and legs dusky. 

Structural Characters.—Fundatrix.—Body 4 to 5; hind tibiae .40 to 
55; hind tarsi .12 to .15; antennae .53 to .62; rostrum attaining 3d. 
coxae. Alate vivipara.—Body 2.2 to 3; hind tibiae .85 to .90; hind tarsi 
.20 to .22; antennae .85 to .S8; rostrum attaining between Ist. and 2d. 
coxae. Mediae of fore wings simple; hamuli4to6. Hairs in both alata 
and aptera inconspicuous. Cornicles hardly more than mere rings, 
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often difficult to observe. Hairs inconspicuous. Wax glands on thorax 
as in Thecabius. 

Collections.—In complicated leaf galls, composed of crumpled 
and anastomosed leaves of a terminal bud on Populus sargentit, 
at Hugo, Longmont, Brighton, Kuner and Fort Collins; funda- 
trices May 2 to July 15 (still full of embryos and apparently 
in their prime); alate viviparae (fundatrigeniae) July 10 to 15 
(gall still containing numerous young); 10 collections; rare 
though common at times in a few localities. 


Genus Pemphigus Hartig. 
Hartig, Jahresb. v. d. Forts, d. Forst. Naturk, I., 645, 1837. See also Baker, 

U.S. D. A. Bul. 826, p. 71, 1920. 

Characters—Antennae 4-jointed in fundatrix, 6-jointed in alata. 
Wax-gland plates developed in aptera. Thoracic glands normally not 
evident in alata. Cornicles developed in alata at least, but mere rings. 
Cauda semilunar, bearing 2 or 4 hairs. Hairs inconspicuous. Rostral 
IV + V the same length in all viviparae. Fore wings with mediae 
simple; hind wings with both media and cubitus. Sexuales minute and 
without rostrum; oviparae laying single egg. 


Living in true galls on Populus as winter host, many species 
are known to go to roots or stems of herbs as summer host. 


Fundatrix living in same gall as progeny. 


Genotype, Aphis bursarius Linnaeus (see below). 


KEY TO SPECIES OF PEMPHIGUS. 
(Based on alatae from galls.) 
A. Secondary sensoria usually absent or but 1 on V and VI. 
B. Permanent sensorium on VI unusually large and containing chitinous 
islands. (Page 228)..... ........populi-transversus 
_ Pe rmanent sensorium at base of VI not “unusually la 
Antennal III .12 to .16 long. (Page 224) .....Monophagus 
ce Antennal III .17 to .23 long. (Page 222)... ; ..balsamiferae 
AA. Secondary sensoria usually present (2 or more) on V and VI. 
B. Secondary sensoria 7 or more on VI. (Page 225).. nortonii 
BB. Secondary sensoria — than 7 on VI. 
Antennal III longer than IV + V; secondary sensoria more or less 
coalesced. (Page 223).. juncti-sensoriatus 
CC. Antennal III not longer than IV * V; sensoria not coalesced. 
D. Alata not smaller than 2 mm. , fundatrix not smaller than 3 mm. 
(Page 227). ; ...populi-ramulorum 
_ Als 1ta usually smaller than 2, fundatrix smaller than 3. 
Antennal III about one-third longer than hind tibiae. 
FB. In petiole galls on Populus (European species). (Page 222), 
bursarius 
FF. In petiole and leaf galls on Populus sargentii. (Page 226), 
populi-caulis 
Antennal III not noticeably longer than hind tarsi. 
F. In gall on upper side of leaf of Populus angustifolia. Hind tarsi 
in fundatrix not longer than III. (Page 228) populi-venae 
FF. In petiole and leaf gall on Populus angustifolia. Hind tarsi in 
fundatrix longer than III. (Page 226) populi-globuli 
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[Genotype, Pemphigus bursarius (Linnaeus).] 


Linnaeus, Syst. Nat., Ed. 10, 453, 1758, Aphis. See also Tullgren, Arkiv. f. Zool., 
V., 14, 114 to 128, 1909, and Theobald, Aph. Gr. Brit., Vol. III, p. 245, 1929. 
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Fic. 309. Pemphigus bursarius. 


Color. —Fundatrix.—Dull green; dusky on head; mealy; tibiae and 
antennae dusky. Apterous vivipara.—Yellowish white; with lateral 
spots. Alate viviparae——Abdomen pale green to gray-green, with 
dark markings and lateral spots; mealy and flocculent. 

Structural Characters.—Fundatrix.—Body 2 to 2.2; hind tibiae .30 
to .40; hind tarsi .12 to .13; antennae .27 to .384; rostrum attaining 2d. 
coxae. Wax glands present. Alate vivipara.—(fundatrigenia)—Body 
1.7 to 2.2, fore wings 2.5 to 2.6; hind tibiae .50 to .72; hind tarsi .15 to .18; 
antennae .60 to .75; rostral IV + V .O8, attaining 2d. coxae. Wax 
plates present. Hairs in both forms inconspicuous. 





Hosts.—In petiole galls on Populus sp., as winter host on 
Lactuca sp., Sonchus sp.; Lapsana sp., Chenopodium sp. and 
Daucus roots as summer host. 

[Data for descriptions and drawings from Tullgren (loc. 
cit.) and from specimens kindly sent us by P. Van der Goot.] 
Not recorded from the state. 


Pemphigus balsamiferae Williams. 


Williams, Univ. Studies, Lincoln, Nebr., Vol. 10, p. 8, 1910. See also Davis, Ibid., 
Vol. 11, p. 4, 1911; Gillette, Jour. Ec. Ent., Vol. 8, p. 97, 1915, Pemphigus 
betae Doane, Maxson and Knowlton, Ann. Ent. Soc. Amer., Vol. 22, p. 267, 
1929, Pem. betae Doane. 


ea ease 
ee 7 3 <0 Ce ae | 


= 15) 403 ~~) 


| - J) 


. ¥ nm ee ee R—— ‘ Ca 
f Py oper y = ar 2 , Cee o= (ou terside 2 
/ | Uppe: / \. ae A } : ———$s—T. 






3) +403) On beet ab 
eet ( "poors A 
hur 10) Miot-at — ae 
en Ss 
+ es . 
\ 
x60 


Fic. 310. Pemphigus balsamiferae. 
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Color.—Fundatrix.—Pale greenish yellow; antennae and tibiae dark. 
Apterous summer vivipara.—Sordid white to yellow-green; with dusky 
patch on head; antennae and tibiae dusky. Alate vivipara.—Dull green 
to yellow on abdomen; powdery; antennae and tibiae dusky. Gall.— 
Green to yellowish green, sometimes reddish. 

Structural Characters —Fundatrix.—Body 2.3 to 2.5; hind tibiae .35 
to .48; hind tarsi .10 to .12; antennae .26 to .34; rostral IV + V .07 to .08, 
attaining nearly 2d. coxae. Wax glands not evident on head, present on 
body. Alate vivipara.—(On Populus)—Body 1.5; hind tibiae .55 to .77; 
hind tarsi .14 to .15; antennae .60 to .84; fore wings 2.42; hamuli 2 to 3 
in number; rostrum hardly attaining 2d. coxae. Alate sexupara.—(On 
beet roots).—Same as alata from Populus except antennae, as shown in 
figure. Apterous summer vivipara.—(On beet roots).—Body 1.5; hind 
tibiae .35 to .48; hind tarsi .10 to .12; antennae .37 to .46; rostrum as in 
fundatrix. Hibernating vivipara.—(In soil).—Body 2; hind tibiae .35 
to .50; hind tarsi .11 to .15; antennae .36 to .50; rostral IV + V .10, 
attaining 2d. coxae. Cornicles mere rings. 

Collections —As winter host in pocketlike galls on under 
side of leaves of Populus angustifolia and balsamifera, as summer 
host on roots of beets (Beta vulgaris) and Chenopodium album*; 
generally throughout the state; fundatrices (on Populus) Apr. 
23 to July 10; apterous summer viviparae (on summer hosts) 
May 6 to Nov. 26; hibernating viviparae (on summer hosts) 
throughout the winter; alate viviparae (on Populus) July 4 to 
11 and Sept. 23 to Oct. 28; (on summer hosts) Aug. 27 to 
Nov. 23; sexuales (on Populus) Sept. 28 to Oct. 4; 105 col- 
lections. Common and often injurious. Fundatrix lives in 
gall with alate fundatrigeniae which leave for summer hosts, 
alate sexuparae return to the Populus where they deposit 
the sexuales. 

Taxonomy.—This species is very close to Pemphigus betae 
Doane (Ent. News, Vol. 11, p. 390, 1900) but betae has not 
been found in galls on Populus in its native territory (See 
Swain, Univ. of Calif. Pub. in Ent., Vol. 3, p. 142, 1919. 
Pemphigus betae Doane). 


Pemphigus juncti-sensoriatus Maxson. 
Maxson, Ann. Ent. Soc. Amer., Vol. 27, p. 34, 1934. 

Color.—Fundatrix.—Pale yellowish white, brownish on head; tibiae 
brownish. Alate vivipara.—(fundatrigenia).—Yellow-green; powdery; 
antennae and tibiae dusky. Gall.—Pale yellowish green. 

Structural Characters —Fundatrix.—Body 3 to 4; hind tibiae .52 to 
.60; hind tarsi .15 to .16; antennae .47 to .50; III .18 to .20; IV .11 to 


*Apterae, apparently but not certainly of this species have also been taken 
on Aster, Iva, Solidago and Bidens. 
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12 + .02; rostral IV + V .11, oe 2d. coxae. Wax-gland plates 
present. Alate vivipara.—Body 1.4 to 1.8; across eyes .41; fore wings 
2.5 to 3; hamuli 2 in number; antennae .75 to .82; III .23 to .29; IV .09 to 
.10; V .10 to .12; VI .14 to .19 + .03; antennal coefficient .90 to 1; 
rostral IV + V .10, attaining between Ist. and 2d. coxae. Cornicles 
absent in fundatrix, mere pores in alata. Hairs simple, .01 on antennae 
and outer side of hind tibiae, .02 on side of abdomen, not evident on 
vertex. Galls with petiole enlarged, so as to form most of gall, twisted 
on leaf base, no round exit hole, mouth extending over half way around. 
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Fic. 311. Pemphigus juncti-sensoriatus. 


Collections.—In petiole galls on Populus sargentii at Wiggins 
and Boulder; fundatrices and alate viviparae (fundatrigeniae) 
June 8 and 29; alate viviparae Sept. 2; 3 collections; rare. 

Taxonomy.—This species is peculiar in the broad and 
occasionally anastomosed sensoria as well as the gall con- 
sisting mostly of enlarged petiole. 


Pemphigus monophagus Maxson. 
Maxson, Ann. Ent. Soc. Amer., Vol. 27, p. 37, 1934. 
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Fic. 312. Pemphigus monophagus. 


Color.—Fundatrix.—-Honey-yellow to pale olive-green; brown on 
head; tibiae and antennae brown. Apterous summer vivipara.— 
Whitish to creamy; brownish on head; tibiae and antennae brownish. 
Alate vivipara.—Pale yellow-green, head and thorax blackish; powdery; 
antennae and tibiae dusky. Gall.—Pale greenish yellow. 

Structural Characters —Fundatrix.—Body 1.1 to 1.7; hind tibiae .20 

33; hind tarsi .OS to .10; antennae .20 to .28; III .06 to .08; IV .06 to 
.O8 + .03; rostral IV + V .O8, attaining 2d. coxae. Cornicles not 
evident. Wax plates present except on head. Apterous vivipara.— 
Body 1.2 to 1.44; hind tibiae .25; hind tarsi .10 to .11; antennae _ to 
.46; rostrum as in fundatrix. Alate vivipara (sexupara).—Body 1.4 to 
1.9; hind tibiae .50 to .74; hind tarsi .12 to .19; antennae 48 : 58, 
rostral IV + V .OS, attaining between Ist. and 2d. coxae; fore wings 3. 
Hairs on vertex and outer side of hind tibiae .01. 
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Collections.—In twisted petiole and leaf galls on Populus 
angustifolia and P. balsamifera (there appears to be no alternate 
host), on Buckhorn Creek near Masonville, at Redfeather and 
Horseshoe Park in Rocky Mountain National Park; fundatrices 
July 4 to Sept. 23; apterous summer viviparae July 12 to 
Sept. 23; alate viviparae (sexuparae) Aug. 18 to Sept. 23; 
sexuales Aug. 28 born from alatae which were imprisoned; 
6 collections; rather rare. The fundatrix and apterous vivi- 
parae (very few) are found in the galls with alate viviparae 
(sexuparae). 

Taxonomy.—This species is peculiar in the presence of a 
few apterous fundatrigeniae in the gall before the appearance 
of alatae and in the small size of both fundatrix and apterous 
fundatrigeniae. Whether the alatae are produced by the funda- 
trix or by the apterous fundatrigeniae or by both is not known. 
It is peculiar also in the development of sexuparae, the only 
alate generation in the same gall with the fundatrix which 
indicates the lack of alternate host. 


Pemphigus nortonii Maxson. 
Maxson, Ann. Ent. Soc. Amer., Vol. 27, p. 36, 1934. 


Fundg¢trix 


\ 
\ 


Pemphigus nortonit. 


Color.—Fundatrix.—In preserved specimens.—Antennae and tibiae 
pale brown. Alate vivipara (fundatrigenia)——Abdomen yellow green; 
powdery; antennae and legs dusky. Gall.—Pale yellowish-green. 

Structural Characters —Fundatrix.—Body 2.5 to 2.6; hind tibiae 
47 to .50; hind tarsi .14; antennae .35; rostral IV + V .10, attaining 
2d. coxae. Alate vivipara (fundatrigenia).—Body 1.53 to 1.84; fore 
wings 2.3; hamuli 2 in number; hind tibiae .61 to .73; hind tarsi .16 to 
.17; antennae .SO to .83; rostral IV + V .09, attaining between Ist. 
and 2d. coxae. 

Wax glands well developed on fundatrix, present on thorax and 
abdomen. 


Collections.—In twisted petiole and leaf galls, indistinguish- 
able from galls of Pem. populicaulis, on Populus sargentii at 
Longmont, Dent and Fort Collins; fundatrices and alate 
viviparae (fundatrigeniae) July 8 to Sept. 21; 9 collections; 
not common. 
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Pemphigus populi-caulis Fitch. 
Fitch, Fifth Rept. Nox. and Ben. Ins. N. Y., p. 845, 1859. See also Maxson and 
Knowlton, Ann. Ent. Soc. Amer., Vol. 22, p. 254, 1929. 


Found. 
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Fic. 314. Pemphigus populi-caulis.* 

Color.—Fundatrix.—Pale yellowish to creamy; pruinose; antennae 
and tibiae slightly dusky. Alate viviparae.—Blackish brown on head 
and thorax, abdomen yellowish olive-green; antennae and tibiae dusky 
brown. Gall.—yYellowish green. 

Structural Characters —Fundatrix.—Body 2 to 2.9; hind tibiae .35 
to .40; hind tarsi .12; antennae .30 to .36; rostrum attaining between 
lst. and 2d. coxae. Wax glands in 6 dorsal rows; none on head. Alate 
vivipara (fundatrigenia).—Body 1.7 to 2; across eyes .33 to .38; fore 
wings 2.6 to 3; hamuli 2 to 3 in number; hind tibiae .50 to .70; hind 
tarsi .14 to .15; antennae .66 to .76; rostrum attaining between Ist. 
and 2d. coxae. Galls 10 to 13 mm. in diameter with mouth extending 
two-thirds around gall and with small round exit hole. 


Collections.—As winter host on twisted petiole and leaf 
galls on Populus sargentit and rarely acuminata, alternate 
host unknown; generally throughout the state; fundatrices June 
12 to Aug. 29; alate fundatrigeniae June 20 to Aug. 29; 19 
collections; common. 

Taxonomy.—-This species is very close to Pem. bursarius 
and distinguished most certainly by the form of the gall. 
However, a number of collections of specimens apparently 
inseparable from P. populi-caulis have been taken in petiole 
galls resembling those of P. populi-transversus. The galls of 
Pem. bursarius according to Tullgren (loc. cit.) and Theobald 
(loc. cit.) differ in more protruding lips. The question of the 
status of these forms requires further biological work. 


Pemphigus populi-globuli Fitch. 

Fitch, Fifth Ann. Rept. Nox. Ins. N. Y., p. 850, 1859. See also Maxson and 
Knowlton, Ann. Ent. Soc. Amer., Vol. 22, p. 254, 1929. 
Color.—Fundatrix.—Dark green; head, antennae and tibiae dusky. 

Alate vivipara (fundatrigenia).—Greenish to blackish, slightly flocculent, 

antennae and tibiae blackish. Gall.—Pale yellow to red. 


*Drawing of gall is erroneous in failure to complete petiole outline on lower 
left. 
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Structural Characters —Fundatrix.—Body 1.7 to 2; hind tibiae .38 
15; hind tarsi .13 to .14; antennae .33. Alate vivipara.—Body 1.5 
to 1.6; hind tibiae .55 to .70; hind tarsi .15 to .17; antennae .50 to .55; 
fore wings 2.5 to 3; hamuli 2.to 3 in number. Rostrum attaining 2d. 
coxae in both forms. Gall with mouth on only one side, no circular 
exit hole present. 
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Fic. 315. Pemphigus populi-globuli. 


Collections —In petiole and leaf gall on Populus angusti- 
folia as winter host, on Buckhorn Creek near Masonville, 
Longmont and Monte Vista; fundatrices June 24 to July 4; 
alate fundatrigeniae July 4 and (dead specimens in gall) Aug. 
18; 5 collections; rare. 

Taxonomy.—This species is. very close to Pem. populicaulis 
and only doubtfully separated by host, shape of gall with 
shorter mouth without definite exit hole and hind tarsi not 
distinctly shorter than antennal III. 


Pemphigus populi-ramulorum Riley. 
Riley, Bul. U. S. Geol. and Geog. Surv. Terr. V, (1), p. 13, 1879. 
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Fic. 316. Pemphigus populi-ramulorum. 


Color. —Fundatrix.—Pale creamy yellow; antennae and tibiae dusky. 
Alate vivipara.—Abdomen dark olive; antennae and tibiae dusky. 
Gall.—Green. 

Structural Characters —Fundatrix.—Body 2.5 to 3; hind tibiae .40 
to .50; hind tarsi .13; antennae .32 to .37; rostrum rarely attaining 2d. 
coxae. Gland plates on dorsum in 6 longitudinal rows. Alate vivipara 
(fundatrigenia).—Body 2.25; fore wings 3 to 3.5, hamuli 2 in number; 
hind tibiae .60 to .70; hind tarsi .15; antennae .61 to .68. Sensoria on 
antennal V normally 2° or less. Cornicles plainly evident. Rostrum 
attaining between Ist. and 2d. coxae. Gall normally globular with 
transverse mouth, about 25 mm. in diameter. In cases of heavy 
infestation some galls are elongated and some occur on petioles where 
they differ from those of P. populi-transversus by protruding upper lip. 
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Collections.—-In twig galls on Populus sargentii as winter 
host; summer host unknown, generally throughout the state; 
fundatrices June 8 to July 22; alate fundatrigeniae June 8 to 
Aug. 14; 18 collections; rather common. 


Pemphigus populi-transversus Riley. 


Riley, U. Geol. and Geog. Surv. Bul. 5, p. 15, 1880. See also Jones and Gillette, 
Jour. — Res., Vol. 14, (13), p. 577, 1918, Life History. 
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Fic. 317. Pemphigus populi-transversus. 


Color.—Fundatrix.—Whitish to pale sordid greenish yellow; powdery; 
black on head, antennae and tibiae. Alate vivipara (fundatrigenia).— 
Abdomen sordid pale greenish yellow; antennae and tibiae blackish. 
Gall.—Same color as petiole but often with reddish tinge. 

Structural Characters.—Fundatrix.—Body 2.6 to 3; hind tibiae .45 to 
00; hind tarsi .13 to .15; antennae .36. Alate viviparae (funda- 
trigenia).—Body 1.7 to 2; wings 2.9 to 3; hamuli 2 or 3 in number; hind 
tibiae .50 to .65; hind tarsi .15 to .17; antennae .53 to .63. Alate 
sexupara.*—Same as fundatrigenia excepting _ antennae, which are 
slightly longer. Apterous summer vivipara.*—Same as _ fundatrix 
excepting antennae, as figured, and wax ake which are not evident. 
Rostrum attaining between Ist. and 2d. coxae in all forms. Galls 
usually 12 to 1S mm. in diameter, occasionally 25. 

Collections —On Populus sargentit in petiole galls, as winter 
host on cruciferous plants as summer host (in Louisiana, not 
recorded in Colo., but to be expected), generally throughout 
the state; fundatrices June 8 to Aug. 29; alate fundatrigeniae 
June 12 to Aug. 31; 12 collections; not abundant. 

Taxonomy.—This species is peculiar, not only in petiole 
gall with transverse mouth, but chiefly in the large permanent 
sensorium containing chitinous islands, on base of antennal VI. 


Pemphigus populi-venae Fitch. 
Fitch, Fifth Rept. Nox. Ins. N. Y., p. 851, 1859. See also Maxson and Knowlton, 
Ann. Ent. Soc. Amer., Vol. 22, p. 254, 1929. 
Color.—Fundatrix.—Pale with greenish tinge; antennae and tibiae. 
Alate fundatrigenia.—Greenish; antennae and tibiae. Gall.—Greenish 
or yellowish, sometimes with blush of red. 


*Described and figured from Louisiana specimens. 
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Structural Characters.—Fundatrix.—-Body 2; hind tibiae .35 to .40; 
hind tarsi .10; antennae .30 to .34. Alate vivipara (fundatrigenia).— 
Body 1.1 to 1.8; fore wings 2.8; hamuli usually 2-3 but occasionally 
4 in number; hind tibiae .60 to .75; hind tarsi .15 to .19; antennae .60 to 
80, beyond II .52 to .70. Rostrum attaining nearly to 2d. coxae. 
Gall.—Pocketlike excresence on upper side of leaf with slitlike mouth 
on under side next to midrib similar to that of Pem. balsamiferae, but 
on opposite surface of leaf. 
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Fic. 318. Pemphigus populi-venae. 


Collections.—In pocketlike leaf galls on Populus angusti- 
folia as winter host, on Buckhorn Creek, near Masonville, 
Boulder, Longmont and Fort Collins; fundatrices May 18 to 
July 4; alate fundatrigeniae June 11 to July 5; 11 collections; rare. 

Taxonomy.—This species is doubtfully separated from Pem. 
populi-globuli except by the character of the gall. 


Genus Prociphilus Koch. 
Koch, Die Pflanzenl., p. 279, 1857. 

Characters —Antennae 5-jointed in fundatrix, 5 or 6-jointed in sum- 
mer aptera, 6-jointed in alata. Wax glands well developed on head of 
fundatrix; thoracic glands in alata large and not farther apart than 
their diameter. Cornicles absent. Cauda semilunar, bearing 4 to 
numerous hairs. Hairs inconspicuous, short and sparse, to somewhat 
conspicuous, about as long as diameter of joint bearing them and 
numerous. Rostral IV + V same length in all viviparae. Fore wings 
with media simple; hind wings with both media and cubitus. 


Living in pseudogalls in leaves (excepting Proc. venafuscus 
on bark). 


Genotype, A phis bumeliae Schrank (see below). 


KEY TO SPECIES OF PROCIPHILUS. 
(Based on alatae from pseudo-galls unless otherwise stated.) 


A. Antennal III longer than .60. aia 230) 5 rae 
AA. Antennal III shorter than .60. 
B. Secondary sensoria on III fewer than 10. (Page 23: fraxinifoliae 
BB. Secondary sensoria on III more than 10. 
C. Hairs numerous on hind tibiae and nea than diameter of tibia. 
(On bark) (Page 232).... .venafuscus 
CC. Hairs on hind tibiae sparse and shorter than diameter of tibia. 
D. Hind tarsi subequal with rostral IV + V. Cauda bearing numerous 
hairs (on roots). (Page 231) erigeronensis 
DD. Hind tarsi longer than rostralIV + V. C auda be: saring but 4 hairs. 
CN as bicker dt sdceas aah a ..... corrugatans 
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[Genotype Prociphilus bumeliae (Schrank).] 


Schrank, Fn. Boica. II., 102, 1801, Aphis. See also Theobald, Aphid. Gr. Brit., 
Vol. III, p. 226, 1929; and Tullgren, Ark. f. Zool., Bd. 5, No. 14, p. 76, 1909. 
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Fic. 319. Prociphilus bumeliae. 


Color.—Fundatrix.—Y ellow-brown; mealy with white tufts; antennae 
and tibiae dark to black. Alate vivipara (fundatrigenia).—Dull yellow- 
red to dirty yellow-brown; mealy to woolly; antennae and tibiae dark 
brown to black. 

Structural Characters —Fundatrix.—Body 4; hind tibiae .91; hind 
tarsi .24; antennae 1 to 1.2. Alate vivipara (fundatrigenia).—Body 4; 
fore wing 5.5; hind tibiae 1.5 to 1.6; hind tarsi .26 to .89; antennae 2.07 
to 2.2; rostral IV + V .22, nearly attaining 2d. coxae. Wax glands on 
mesothorax of alata large and close together. 


Host.-—Fraxinus excelsior in pseudogall leaf galls, as 
winter host on roots of Abies balsamea and Pinus sp. as 


summer host not recorded from the state. Data from descrip- 
tion and figures by Tullgren (loc. cit.). 


Prociphilus corrugatans (Sirrine). 


Sirrine, Ia. Acad. Sci., Vol. 1, p. 129, 1893, Pemphigus. See also Maxson, Conn. 
Geol. and Nat. Hist. Surv. Bul. 34, p. 322, 1923. 
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Fic. 320. Prociphilus corrugatans. 


Color.—Fundatrix.—Light greenish yellow, black on head; woolly; 
antennae and tibiae black. Alate vivipara.—Olive-green on abdomen; 
woolly; tibiae and antennae dark. 

Structural Characters.—-Fundatrix.—Body 3.5; hind tibiae .55 to .63; 
hind tarsi .15; antennae .63 to .70; eyes on tubercles. Alate vivipara.— 
Body 2 to 2.8; fore wing 3.3 to 4.2; hamuli 3 to 4 in number; hind tibiae 
.75 to .95; hind tarsi .20; antennae .85 to .90; rostral IV + V .10, attain- 
ing 2d. coxae in both forms. Hairs minute and sparse. 


Collections.—As winter host in slightly rolled leaves of 
Crataegus sp. and Amelanchier alnifolia, summer host un- 
known, at Paonia, Boulder, Loveland, Bellvue, Poudre Canon 
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and Fort Collins; fundatrices April 19 to June 6; alate funda- 
trigeniae May 29 to June 23; 24 collections; infestations heavy 
but rare. 

Taxonomy.—The Colorado specimens differ from Sirrine’s 
description in that the fundatrix has 5-jointed antennae in- 
stead of 6-jointed as described by Sirrine (perhaps erroneously 
since subsequent workers have apparently failed to take apterae 
of what is considered to be this species with more than 5- 
jointed antennae) and in not having 6 to 12 sensoria on antennal 
IV in alata. Our specimens agree with P. alnifoliae Williams 
excepting that body length of alate vivipara is not 3.54. Max- 
son’s studies (loc. cit.) place Williams’ species as a synonym 
of Proc. corrugataus. 


Prociphilus erigeronensis (Thomas). 


Thomas, Eighth Rept., St. Ent., Illinois, Vol. 5, p. 168, 1879, Tychea. See also 
Hottes and Frison, Illinois Nat. Hist. Surv. Bul. 19, Art. 3, p. 371, 1931. 
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Fic. 321. Prociphilus erigeronensis. 


Color.—Apterous summer vivipara (on roots).—-Yellow-buff; woolly; 
cauda, antennae and legs blackish. Alate vivipara (on roots).—Olive- 
greenish yellow on abdomen, brown on head and thorax; woolly; 
antennae and tibiae blackish. 

Structural Characters —Apterous summer vivipara.—Body 2 to 3; 
hind tibiae .35 to .45; hind tarsi .14 to .17; antennae .50 to .55. Alate 
vivipara.—-Body 2.2; fore wing 2.5; hamuli 3 to 4 in number; hind 
tibiae .55 to .60; hind tarsi .15 to .17; antennae .S0. Rostrum in both 
forms with IV + V .15, attaining Ist. or 2d. abdominal segment. Hairs 
on antennae and outer side of hind tibiae sparse .02 to .03 in aptera, 
.01 in alata, shorter than diameter of joint bearing them. 


Collections.—Winter host unknown, summer host, roots of 
grasses, Grindelia squarrosa, Helianthus sp., Taraxacum offict- 
nale, Artemisia sp. and ants’ nests, at Greeley and Fort Collins; 
apterous viviparae Mar. 30 to Nov. 2; alate viviparae June 21; 
14 collections; rather rare. 
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Prociphilus fraxinifolii (Riley). 
Riley, Bul. U. S. Geol. and Geog. Surv. Terr., Vol. 5, p. 17, 1879, Pemphigus 
(=P. fraxinifolii Thomas, Eighth Rept. St. Ent. Nox. and Ben. Ins., Illinois, 
p. 146, 1879). 
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Fic. 322. Prociphilus fraxinifolit. 

Color. —Fundatrix.—Medium yellow-green to pale yellow; brown 
on head; antennae and legs brown. Alate vivipara (fundatrigenia).— 
Brown on head and thorax, yellow-green on abdomen; antennae and 
legs slightly dusky. 

Structural Characters.—Fundatrix.—Body 2 to 2.5; hind tibiae .40 
to .55; hind tarsi .14 to .16; antennae .50 to .60; rostrum attaining 
2d. coxae. Apterous vivipara.—-Body 2.5; hind tibiae .55 to .70; hind 
tarsi .13 to .19; antennae .S0. Alate vivipara (fundatrigenia).—Body 
2; fore wings 2.5; hamuli 2 to 3 in number; hind tibiae .60 to .75; hind 
tarsi .16 to .19; antennae .S0 to .96; rostrum hardly attaining 2d. coxae. 
Wax glands present on head, large in fundatrix, small in alata, arranged 
in 2 longitudinal rows of 3 

Collections.—-As winter host in curled leaves of Fraxinus 
americana at Manitou, Rocky Ford, Denver, Boulder, Fort 
Collins; fundatrices May 5 to 25; apterous viviparae, May 25 
to Sept. 29; alate viviparae July 13 to Sept. 10; 37 records; 
very common. Whether there is an alternate host or whether 
the species remains on the ash is not known. Parasites and 
predaceous insects usually destroy nearly all the aphids before 
August. 

Prociphilus venafuscus Patch. 


Patch, Ent. News, Vol. 20, p. 319, 1909; also Me. Agr. Exp. Sta. Bul. , 1918. 
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Fic. 323. Prociphilus venafuscus. 
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Color.—Fundatrix.—Medium brown; antennae and tibiae dark. 
Alate viviparae.—Dark brown; antennae and tibiae dark; wings slightly 
smoky. 

Structural Characters —Fundatrix.—Body 2.5 to 4.5; hind tibiae .70 
to .80; hind tarsi .20; antennae .S0 to 1; rostrum attaining 2d. coxae. 
Alate vivipara.—Body 3; hind tibiae 1.28 to 1.40; hind tarsi .28 to .31; 
antennae 1.36 to 1.63; rostrum attaining 2d. abdominal segment. 
Hairs on hind tibiae numerous, .05, about as long as diameter of tibia. 


Collections-—As winter host Fraxinus pennsylvanica on 
bark of twigs (not taken on summer host* in the state), at 
Fort Collins; fundatrices May 13 to 31; apterous summer vivi- 
parae May 15; alate viviparae May 26 to June 24 and Sept. 6 
to Nov. 13; males Oct. 10 to 17; 17 collections; not common. 

Taxonomy.—This species seems very close to P. bumeliae 
but differs in smaller mesothoracic glands in alata, and very 
slightly smoky wings, besides being a bark feeder. 


Genus Thecabius Koch. 
Koch, Die Pflanzenl., p. 294, 1857. 


Characters —Antennae 5-jointed in fundatrix, 6-jointed in alata. 
Wax glands small on head of fundatrix, mesothoracic glands in alata 
with diameter much less than distance between them. Cornicles 
absent. Cauda semilunar, bearing 2 to + hairs. Hairs inconspicuous. 
Rostral IV + V same length in all viviparous forms. Fore wings with 
media simple; hind wings with both media and cubitus. 


Living in pseudogalls (except T. populi-monilis in true galls) ; 
fundatrix in a gall by herself. 


Genotype, Thecabius populneus Koch (=Pemphigus affinis Kaltenbach). (See 
below). 


KEY TO SPECIES OF THECABIUS. 
(Based on alate viviparae from pseudogalls or galls.) 
A. Antennal VI with secondary sensoria. 
B. In America. (Page 234) a - 
BB. In Europe. (Page 233) peas aeceaiars 
AA. Antennal VI without secondary sensoria. 
B. Secondary sensoria on III more than 30. (Page 234) gravicornis 
BB. Secondary sensoria on III fewer than 10. (Page 235) populi-monilis 


ffinis 


[Genotype Thecabius affinis (Kaltenbach).] 
Kaltenbach, Mon. der Pflanzenl., p. 18, 1843, Pemphigus. See also Tullgren, 
Arkiv. f. Zool., Bd. 5, No. 14, p. 103, 1909. 
Characters.—Similar to Thecabius populi-conduplifolius Cowen. 
(Decision based on description by Tullgren and specimens sent by 
P. Van der Goot.) (See below.) Not taken in Colorado. 


*Abies balsamea roots according to Patch (Conn. Geol. and Nat. Hist. Surv. 
Bul. 34, p. 323. 
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Thecabius gravicornis (Patch). 
Patch, Me. Agr. Exp. Sta. Bul. 213, p. 75, 1913, Pemphigus. 
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‘1G. 324. Thecabius gravicornis. 
Fic. 324. Ti f J 


Cclor.—Fundatrix.—Pale honey-yellow; antennae and tibiae dark. 
Alate vivipara (fundatrigenia).—Olive-yellow on abdomen, 
head and thorax; antennae black; tibiae brownish. 

Structural Characters—Fundatrix.—Body 2 


2; antennae .52. Alate 
fundatrigenia.—Body 1.7 to 2. 


S; fore wing 3 to 3.5; hamuli 2 in number; 
Rostrum 


brown on 


hind tibiae .75 to .85; hind tarsi .23; antennae 1.05 to 1.27. 


in both forms attaining 2d. coxae. 


Collections.—On Populus balsamifera in folded-leaf pseudo- 
galls, as winter host on Buckhorn Creek near Masonville and at 
Redfeather; fundatrices Aug. 24; alate fundatrigeniae Aug. 18 
and 24; 2 collections; rare, perhaps on account of rarity of 
host. 


Thecabius populi-conduplifolius (Cowen). 


Cowen, in Gillette and Baker, Colo. Exp. Sta. Bul. 31, p. 115, 1895, Pemphigus. 


Also Gillette, Ann. Ent. Soc. Amer., Vol. 7, p. 61, 1914, Pemphigus. 
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Fic. 325. Thecabius populi-conduplifolius. 


Color. —Fundatrix.—Yellow-olive-green, black on head; powdery; 
and with lateral and terminal threads. Summer viviparae.—Deep 
green to black; powdery; antennae and legs black. 

Structural Characters —Fundatrix.—Body 3.75 to 4.25; hind tibiae 
.55 to .SO; hind tarsi .17 to .20; antennae .70 to .SO; rostrum attaining 
2d. coxae. Alate fundatrigenia—Body 1.8 to 2.5; hind tibiae .80 to 

1; hind tarsi .20 to .25, antennae 1.03 to 1.15; fore wings 3 to 3.3; 
hamuli 4 in number; rostrum attaining between Ist. and 2d. coxae. 
Hibernating apterous vivipara (on Ranunculus sp.).—Body 2.1 to 2.3; 
hind tibiae .55 to .SO; hind tarsi .20 to .25; antennae .91 to 1. 


14. Spring 
apterous vivipara (on Ranunculus sp.).—Body 1.8 to’2; hind ti 


biae .50; 
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hind tarsi .17 to .19; antennae .63 to .72. Alate sexupara (on 
Ranunculus).—Body 2.1 to 2.3; fore wings 3.1 to 3.6, otherwise as in 
alate fundatrigenia. 


Collections.—As winter host, in folded leaves of Populus 
occidentalis, as summer host on leaf bases of Ranunculus, 
generally throughout the state; fundatrices June 2 to 25; alate 
fundatrigeniae June 12 to Aug. 7 and alate sexuparae Sept. 21; 
apterous viviparae (on Ranunculus) Jan. 2 to Apr. 23; alate 
viviparae Sept. 13 to Oct. 4; 45 collections; occasional. Funda- 
trix lives in a gall by herself in leaf margin folded on under 
side, progeny living in colonies on under side of younger leaves 
folded under on midrib. 


Thecabius populi-monilis (Riley). 


Riley, U. S. Geol. Surv. Terr., Vol. 5, No. 1, p. 13, 1879, Pemphigus. See also 
Gillette, Ann. Ent. Soc. Amer., Vol. 6, p. 485, 1913. 
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Fic. 326. Thecabius populi-monilis. 


Color.—Fundatrix.—Dull yellowish olive-green, dark brown on 
head; powdery, giving appearance of slatey gray; head, antennae and 
legs blackish. Apterous fundatrigenia.— Light cinnamon; head, 
antennae and legs dusky. Apterous virgogenia.— Orange-yellow. 
Alate vivipara.—Not recorded during life; in balsam head, thorax, 
antennae and legs dusky; posterior edge of stigma often darker. Gall.— 
Pale green. 

Structural Characters —Fundatrix.—Body 3.50 by 2.25; antennae 
52; hind tibiae .45; hind tarsi .13 to .15. Apterous fundatrigenia.— 
Body 3 by 1.9; hind tibiae .45 to .50; hind tarsi .13; antennae .60. 
Late apterous virgogenia.—Body 1.8; hind tibiae .35 to .38; hind tarsi 
.10 to .13; antennae .38. Alate fundatrigenia.—Body 2.75 to 3; hind 
tibiae .85 to 1; hind tarsi .19 to .23; antennae .S5 to .90; fore wings 
4 to 5; hamuli 2 to 5 in number. Alate sexupara.—Body 1.75 to 2; 
hind tibiae .65 to .70; hind tarsi .15 to .16; antennae .60 to .65; fore 
wings 2.6. Rostrum in all forms attaining between Ist. and 2d. coxae. 
Gall 6 to 10 mm. in diameter. 


Collections.—In galls on leaves of Populus angustifolia, ap- 
parently no shtemate host existing, generally throughout the 
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state; fundatrices June 25; apterous and alate fundatrigeniae 
July 17 to Oct. 18; alate sexuparae Aug. 9 to Oct. 18; sexuales 
Oct. 18; 45 collections; rather common. 

Life History.—-The fundatrix lives alone in a solitary gall 
at the base of the new growth, her young migrating soon 
after birth and locating separately near the margins on the 
under side of new leaves, forming a row of pocketlike galls, 
each containing a solitary aphid, apterous or alate. The 
alatae migrate, probably to another tree. The apterae produce 
alate virogeniae, which form new galls, and in Aug. and Sept. 
alate sexuparae which develop in the gall with the mother. 
The sexuales are certainly deposited on the Populus, some 
were found in the galls in Oct. but certainly not all are 
deposited in the galls since the sexuparae are alate and are 
found leaving the galls as carly as Aug. 9. 


Tribe Fordini. 

Characters.—Antennae 5-jointed or 6-jointed in alata. Eyes of 
aptera consisting of ocular tubercle only. Secondary sensoria oval. 
Wax glands present but not well developed. Cornicles absent. Hairs 
rather prominent to inconspicuous. Fore wings with media simple; 
hind wings with both media and cubitus. Living subterranean, on 
roots or in the nests of ants. 


KEY TO GENERA OF FORDINI. 
(Based on alate and apterous viviparae.) 
A. Antennal II in apterae as long as IV + V; antennae of both alatae and 
apterae 5 5-jointed. PP INS oie asc’ oni ernie AS a wie wee Gund ....Forda 
AA. Antennal III in apterae shorter than IV + V - antenn: 1e of alatae 6- jointed, 
aptera 4 to 5-jointed. 
B. Antennal II not longer than I; eauneies sensoria with cilia. 


CED 0 gece iets cane ioe tant alae eat ae Ce Geoica 
BB. Antennal II longer than I: pe rmanent sensoria without cilia (Page 240), 
Trifidaphis 


Genus Forda Heyden. 
Heyden, Mus. Sinkbg., Vol. 2, p. 291, 1837. 
Characters.—Antennae 5-jointed in apterous and alate viviparae. 
Permanent sensoria without cilia. Cauda bearing many hairs. 
Cornicles absent. Hairs simple. 


Living subterranean. 
Genotype, Forda formicaria Heyden (see below). 


KEY TO SPECIES OF FORDA. 


A. Hairs on antennae numerous, .04 to .05 long, over half as long as diameter 
of antenna. Sensoria 30 to 55 on III in alata. (Page 237).....formicaria 

AA. Hairs on antennae sparse, .01 long, hardly evident. Sensoria 11 to 24 on 
REE ME DIRUR. CRG TIS). 6n oc cc icicincwssicnes iam Petunaac ers olivacea 
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Genotype Forda formicaria Heyden. 


Heyden, Mus. Sinkbg., Vol. 2, p. 291, 1837. See also Theobald, Aph. Gr. Brit., 
Vol. III, p. 169, 1929, and Gillette, Ent. News, Vol. 29, p. 282, 1918, and Hart, 
18th. Rept. St. Ent. Illinois, p. 95, 1894, Forda occidentalis. 


% (35-50) OD 


Fic. 327. Forda formicaria. 

Color.—Apterous summer vivipara.—Pale to medium olive-green or 
grayish green, mottled; antennae and legs pale brownish. Alate 
summer vivipara.—Sordid straw-yellow to olive-green; dusky on dorsal 
bands and lateral areas; antennae and legs blackish; veins heavy. 

Structural Characters —Summer viviparae.—Body 2.2 to 3; fore 
wing 3 to 4; hind tibiae .S0 to 1.2; hind tarsi .15 to .20; antennae .SO to 
1.1; rostrum attaining first abdominal segment in alata, midabdomen 
in aptera. Hairs simple, .04 to .05 on vertex, antennae, hind tibiae and 
side of abdomen. 

Collections.—On roots of Melica bulbosa, Poa pratensis, 
Phleum alpinum, Elymus sp. and ants’ nests, at Longmont, 
Estes Park, Masonville and Fort Collins; apterous viviparae 
all the year around; alate viviparae June 2 to July 2; 28 col- 
lections; common. 

Taxonomy.—The American species as described by Gillette 
(loc. cit.) has been declared distinct from the European by 
Theobald (loc. cit.) on account of supposed differences in 
length and sensoriation of antennal joints in alatae. He was 
possibly mislead by statement by Gillette that number of 
sensoria on III were 30. This appears to be the smallest 
number occurring in the specimens so far examined, the varia- 
tion being from 30 to 55. This abolishes the difference main- 
tained by Theobald. An alate specimen determined as Forda 
formicaria and sent to us by D. Hille Ris Lambers of Holland, 
appears identical with. the Colorado form. 

Furthermore, comparison of our form with cotypes of Forda 
occidentalis Hart (loc. cit.) revealed no differences except such 
as were attributable to immaturity of the cotype examples. 
These facts appear to confirm Gillette’s opinion (loc. cit.) 








238 Annals Entomological Society of America [Vol. XXVII, 


that the Colorado form is F. formicaria Heyden and that F. 
occidentalis is a synonym. 


Forda olivacea Rohwer. 
Rohwer, Psyche, Vol. 15, p. 68, 1908. See also Gillette, Ent. News, Vol. 29, 
p. 283, 1918. 
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Fic. 328. Forda olivacea. 


Color.—Apterous vivipara.—Sordid greenish yellow, dusky on head 
and somewhat on pronotum, and on dorsal bands on abdominal segments 
7 and 8; antennae and legs dusky. Alate vivipara.—Dark olive-green, 
dusky dorsal bands on all abdominal segments; antennae and legs black. 

Structural Characters.—Apterous vivipara.—Body 2.5 to 1.5, hind 
tibiae .45; hind tarsi .15; antennae .54; rostrum attaining 3d. coxae. 
Alate vivipé ira.—Body 1.8 to 2.2; hind tibiae .75 to .S0; hind tarsi 
.17; sensoria 11 to 24 on III, 2 to 4 on IV, 0 to 3 on V; antennae .65 to 
.70; rostrum attaining 2d. coxae. Hairs not evident on vertex; on 
antennae, outer side of hind tibiae and on side of abdomen, .01 in 
both forms. 


Collections.—-On roots of Ilordeum sp. Agropyron sp., Ken- 
tucky blue grass (Poa pratensis), Bromus inermis, B. tectorum, 
Setaria sp., Echinochloa crus-galli, wheat, oats, barley and 
Elymus sp., and in ants’ nests; generally in northeastern part 
of the state on plains and foothills, also at Fort Lewis; apterous 
viviparae all months of the year; alate viviparae June 10 to 
Aug. 21; 57 collections; very common, often quite injurious. 

Taxonomy.—This species appears to be very close if not 
identical with Forda marginata Koch, judging from Koch’s 
description of aptera, Vayssiere’s (see Theobald, Aph. Gr. 
Brit., Vol. 3, p. 189, 1929) brief description of alata and from 
examination of apterae sent by D. Hille Ris Lambers from 
Holland. However, more information as to characters of 
alata and comparison of specimens is necessary before the 
synonym can be finally decided. 
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Genus Geoica Hart. 
Hart, 18th. Rept. St. Ent. Illinois, p. 101, 1894. 


Characters—Second sensoria oval. Antennae 4 or 5-jointed in 
aptera, 5 or 6-jointed in alatae; joints I and II subequal, joint VI short 
and thick. Permanent sensoria ciliated. Eyes in aptera consisting of 
ocular tubercles only. Cauda semilunai.* Cornicles lacking. Fore 
wings with media simple; hind wings with both media and cubitus. 


Living subterranean on roots and attended by ants. 


Genotype, Geoica squamosa Hart. 


Hart (loc. cit.). See also Hottes and Frison, Illinois Nat. Hist. Surv., Bul. 19, 
p. 356, 1931. 
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Fic. 329. Geoica squamosa. 


Color.—Apterous vivipara.—Pale straw-yellow, brown on head, 
intersegmental dots and dorsal bands on abdominal segments 6, 7 and 8; 
antennae and legs brownish. 

Structural Characters —Apterous vivipara——Body 1.5 to 2; hind 
tibiae .35 to .40; hind tarsi .10 to .12; antennae .45; rostrum surpassing 
2d. coxae. Hairs usually fanlike, bent, squamous, rarely simple, .02 to 
.03 long; cauda minute; anal plate large and rectangular. Alate vivi- 
para.—Fore wings 2.45; hamuli 4 in number. 


Collections.—-On roots of Echinochloa crus-galli and other 
grasses, Artemisia sp., Juncus sp. and ants’ nests; generally 
throughout northeastern part of the state from Boulder to 
Cherokee Park and Virginia Dale; apterous viviparae Feb. 17 
and Apr. 3 to Aug. 30; alate viviparae kindly loaned by A. C. 
Maxson; 16 collections; rather rare. 


*The unusually large rectangular anal plate has evidently been mistaken for 
the cauda by several writers who have described the cauda as “large and 
rectangular.’’ In live aphids observed for determining this point the drop of 
honey-dew was extruded dorsad to the rectangular plate, .s indicated in the 
sketch. 
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Genus Trifidaphis Del Guercio. 
Del Guercio, Rivista Patol. Veg., n.s., Vol. 3, p. 332, 1909 (= Tullgrenia V. d. Goot, 

Tijdschr. voor. Ent., Vol. 15, p. 96, 1912). 

Characters.—Antennae 5-jointed in aptera, 5 and 6-jointed in alata; 
joint II decidedly longer than I. Secondary sensoria round to oval. 
Permanent sensoria without cilia. Hairs simple; numerous and rather 
conspicuous. Cornicles lacking. Cauda semilunar. Anal plate rec- 
tangular and large. Fore wings with media simple; hind wings with 
both media and cubitus. 


[Genotype Trifidaphis radicicola (Essig).| 

Essig, Pom. Jour. Ent., Vol. 1, p. 9, ae Pemphigus and Ibid., Vol. 2, p. 283, 1910, 

Trifidaphis; also Swain, Univ. Calif. Publ. Ent., Vol. 3, Dp. 141, 1919. 

Characters —Similar to T. phaseoli described below, indeed the 
writers have been unable to establish any distinguishing characters. 
The type specimen of alata had 5-jointed antennae, but later examina- 
tion of over 100 specimens by Essig (2d. citation) shows 6 joints to be 
the normal condition and the wing venation also to be variable. This 
removes the distinguishing characters between the genera of Tullgrenia 
and Trifidaphis. 


Trifidaphis phaseoli (Passerini). 


Passerini, Gli. Afidi. 39, 1860, Tychea. See also Van der Goot, Holland Blattl., 
p. 514, 1915, Tullgrenia. 
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Fic. 330. Trifidaphis phaseoli. 





Color.—Olive-green to brownish, abdominal segments 6, 7 and § 
with dark dorsal dashes; antennae and legs blackish; stigma dark on 
posterior border. 

Structural Characters.—Apterous vivipara.—Body 1.5 to 2.7; globose; 
hind tibiae .40 to .50; hind tarsi .13 to .15; antennae .50 to .58; rostrum 
nearly attaining 3d. coxae. Alate vivipara.—Body 2.3 to 2.7; hind 
tibiae .60 to .S80; hind tarsi .15 to .18; antennae .75 to .80; rostrum 
attaining 2d. coxae; fore wings 2 to 2.9; hamuli 2 to4in number. Hairs 
simple and numerous; on vertex, antennae, hind tibiae and body .03 to 
.04 in aptera, often slightly shorter in alata. Cauda very small. Anal 
plate large and rectangular. 


Collections.—On roots of beans, generally throughout the 
state; apterous viviparae July 6 to Sept. 17; alate viviparae 
July 22 to Sept. 28; 11 collections; not common. 
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Subfamily Hormaphinae. 


Characters.—Frontal tubercles lacking. Thoracic lobes not evident. 
Cornicles mere rings or absent. Scale-like or aleyrodiform generations 
often developed. Sexuales small and apterous, with rostrum; ovipara 
laying several eggs. Living in galls or free. 


KEY TO TRIBES OF HORMAPHINAE. 
A. Aleyrodiform generations not developed. (Not recorded from the 
WNBDs s és cans Oregmini 
AA. Aleyrodiform generations deve lope d. 
B. Cornicles absent; insects usually gall formers. (Page 242)....Hormaphini 
BB. Cornicles usually present; insects usually not gallformers. (Page 241), 
Cerataphini 


Tribe Cerataphini. 


Characters—Aptera scalelike. Antennae 3 to 5-jointed in aptera, 
5-jointed in alata. Secondary sensoria annular. Cornicles distinct, on 
raised base. Anal plate bilobed. Cauda knobbed. Wax secretion 
abundant. Living on surfaces of leaves. Legs small. 


KEY TO GENERA OF CERATAPHINI. 
A. Antennae of aleyrodiforms 5-jointed. (Not recorded from the state.) 
Aleurodaphis 
AA. Antennae of aleyrodiforms 4-jointed. (Page 241)... Cerataphis 
AAA. Antennae of ale yrodi forms 3-jointed. (Not recorded from the state.), 
Thoracaphis 


Genus Cerataphis Lichtenstein. 

Lichtenstein, Bul. Soc. Ent. Fr. Se. 6, Vol. 2, p. XVI, 1882. 

Characters—Vertex in aptera with two _ hornlike projections. 
Antennae 4-jointed in aptera, 5-jointed in alata. Secondary sensoria 
annular. Cornicles rings on raised base. Rostrum with 5th joint 
indistinct. Aptera aleyrodiform, with two divisions. Wax glands 
prominent. Cauda knobbed. Anal plate bilobed. Fore wings with 
media once-branched; hind wings with both media and cubitus. 
Genotype, Coccus lataniae Bois. 


Genotype, Cerataphis lataniae (Boisduval). 
Boisduval, Ent. Horticole, p. 355, 1867, Coccus. 
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Fic. 331. Cerataphis latanite. 
Color.—Not observed before mounting. 
Structural Characters ——Apterous vivipara.—Body scale-like, 1 to 
1.2; hind tibiae .24; hind tarsi .06 to .08; antennae .27. Body with 
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groove separating thorax from abdomen and surrounded with lateral 
glands which secrete white waxy plates composed of thin strands. 
Legs and antennae completely hidden. Eyes of 3 facettes only. 
Rostrum attaining 2d. coxae. Alate vivipara.—Body 1.4; hind tibiae 
40; hind tarsi .09; antennae .60 to .85. 

Collections.---On leaves of palm at Fort Collins; apterous 
viviparae Jan. 25 to Mar. 30; alate viviparae May 30; 4 
collections; rare. 


Tribe Hormaphini. 


Characters.—Aleyrodiform generations more or less developed. 
Wax secreted from special glands. Secondary sensoria annular. 
Cornicles lacking. Cauda knobbed. Anal plate bilobed. 


KEY TO GENERA OF HORMAPHINI. 


A. Antennae of alatae 3-jointed. Hind wings with only media. (Not 


taken in the state.).......... ; eerie ee Hormaphis 
AA. Antennae of alatae 5-jointed. Hind wings with both media and cubitus. 
(ee BEE). ccc iccneree EL VE CORE ce Hie WWE OLE CE ORR Hamamelistes 


Genus Hamamelistes Shimer. 
Shimer, Trans. Amer. Ent. Soc., Vol. 1, p. 284, 1867. 

Characters——Antennae rather thick, bearing numerous narrow 
and annular sensoria. Antennae 3-jointed in coccidlike hibernating 
aptera, 5-jointed in summer aptera and alata. Tarsi 2-jointed in 
summer forms and bearing a pair of capitate hairs. Living in leaf 
galls or as coccidlike forms on twigs and leaves. 


Genotype, Hamamelistes spinosus Shimer. 


Genotype Hamamelistes spinosus Shimer. 


Shimer, Trans. Amer. Ent. Soc., Vol. 1, p. 284, 1867. See also Pergande, U. S. 
D. A., Div. of Ent., Tech. Ser. No. 9, p. 25, 1901. 
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Fic. 332. Hamamelistes spinosus. 


Color.—Not determined before mounting. 

Structural Characters.—-Apterous summer vivipara.—Body 1.6; hind 
tibiae .35; hind tarsi .10; antennae .30; rostrum attaining 2d. coxae. 
Alate vivipara.—Body 1.5 to 2; fore wings 2.6 to 3; hind tibiae .45; 
hind tarsi .09; antennae .65. 


Collections.—On leaves of Betula fontinalis (alternate host, 


witch-hazel, not taken in the state), at Manitou and in foot- 
hills near Masonville; apterous summer viviparae June 15 to 
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Aug. 4; alate viviparae not taken. (Figured from specimens 
taken in the eastern U. S. A.; 4 collections; very rare. 


Subfamily Mindarinae. 


Characters—As in genus Mindarus described below. 


Genus Mindarus Koch. 
Koch, Die Pflanzen]. Aphid, p. 277, 1857. 


Characters.—Vertex slightly convex. Frontal tubercles lacking. 
Antennae 6-jointed. Secondary sensoria oval and transverse. Cornicles 
mere rings. Cauda somewhat elongate. Hairs simple and incon- 
spicuous. Fore wings with media once-branched; radial sector arising 
at proximal portion of stigma; stigma long and tapering, reaching to 
tip of wing; hind wings with both media and cubitus. Rostrum obtuse, 
fifth joint indistinct. Unguis much shorter than base of VI. Sexuales 
small and apterous but with beaks and feeding; ovipara laying 8 or 9 
eggs. Living free on twigs of conifers causing more or less distortion. 


Genotype, Mindarus abietinus Koch. 


Genotype Mindarus abietinus Koch. 
Koch (loc. cit.). 
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Fic. 333. Mindarus abietinus. 


Color.—Fundatrix.—Pale yellow; appendages pale except tarsi, 
which are dusky. Ovipara.—Lemon-yellow, brown on head and dorsal 
patches; antennae and legs pale. Alate vivipara.—Brown on head and 
thorax, pale green on abdomen with dusky dorsal dashes. 

Structural Characters —Fundatrix.—Body 2; hind tibiae .47 to .50; 
hind tarsi .16 to .18; antennae .66. Apterous summer vivipara.—Body 
1.5; hind tibiae .28; hind tarsi .10; antennae .55. Alate vivipara.— 
Body 1.5 to 1.9; wings 2.3; hamuli 2 in number; hind tibiae .57 to .65; 
hind tarsi .18 to .19; antennae .9. Rostral IV + V .05 to .07 in aptera, 
.O8 in alata; attaining 3d. abdominal segment in all viviparae. Hairs 
.O1 to .02 and sparse. 


Collections.—On twigs of Abies lasiocarpa and Picea parryana 
at Greeley, Poudre Tunnel, and Fort Collins; fundatrices 
May 23; apterous and alate viviparae June 7 to Aug. 12; 
sexuales June 25; 12 collections; not common. 
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HOST INDEX. 


This index includes host plants and associated Aphids taken in the state. 
Host plants recorded in descriptions of genotype species not taken in the state are 


not included. 


Abies lasiocarpa 

Cinara curvi pes 

Cinara lasiocar pae 

Cinara occidentalis 

Mindarus abietinus 
Acer glabrum 

Periphyllus brevis pinosus 
Acer Negundo 

Drepanosiphum braggit 

Periphyllus negundinis 
Acer saccharinum 

Drepana phis acerifolii 
Acerates angustifolia 

A phis middletonii 
Achillea millefolium 

A phis helichrysi 
Achyranthes sp 

Myzus persicae 
Aconitum columbianum 

Kakimia wahinkae 
Agrimony sp. 

Macrosiphum solanifolii 
Agropyron sp. 

Brachycolus tritici 

Forda olivacea 

Sipha agropyronensis 

Tetraneura ulmisacculi 

Toxoplera graminum 
Alder—See Alnus 
Alfalfa—See Medicago 
Allionia linearis and nyctaginea 

A phis helianthi 
Alnus sp. 

Calaphis betulaecolens 

Euceraphis gillettei 

Ocestlundiella flava 
Alopecurus sp. 

Forda olivacea 
Althaea rosea 

Mysus persicae 
Amaranthus sp. 

1 phis gossypu 

1 phis medicaginis 

Macrosiphum solanifolii 

Myzus persicae 
Ambrosia artemisifolia 

A phis helianthi 

i phis helichrysi 
Ambrosia trifida 

A phis helianthi 

A phis middletonii 

Macrosiphum ambrosiae 





Amelanchier alnifolia (= spicata) 


A phis sensoriata 

Eriosoma americanum 

Macrosiphum macrosiphum 

Prociphilus corrugatans 
Antirrhinum sp. 

Mysus persicae 
Ants’ nests 

Forda formicaria 

Geoica squamosa 

Prociphilus erigeronensis 
Apinus flexilis 

Cinara apini 

Cinara apini var. villosus 

Cinara flexilis 

Essigella hoerneri 
Apium graveolens 

A phis heraclella 

Caviariella capreae 

Cavariella theobaldi 
Apocynum sp. 

Macrosiphum solanifolii 
Apple—See Pyrus malus 


Apricot—See Prunus armeniaca 
Aquilegia coerulea 

Kakimia essigi 

Macrosiphum solanifolii 

Mysus circum flexus 
Aragallus albifiorus 

A phis rumicis 

A phis medicaginis 
Arctium sp. 

A phis rumicis 
Arctostaphylos uva-ursi 

4m phorophora nervata 

Tamalia coweni 
Argentina anserina 

A phis argentinae-radicis 
Arnica sp. 

Am phoro phora arnicae 
Arrowhead—See Sagittaria 
Artemisia sp. 

Geoica squamosa 

Prociphilus erigeronensis 
Artemisia aromatica 

A phis menthae-radicis 
Artemisia borealis 

Macrosiphum frigidae 
Artemisia cana 

A phis artemisicola 

A phis canae 

Macrosiphum jonesii 
Artemisia dracunculoides 

Ca pitophorus wasatchii 

Macrosiphum glabrum 

Microsiphum artemisiae 
Artemisia filifolia 

A phis canae 

A phis flifoliae 

1 phis hermistonii 

1 phis minulissima 

Macrosiphum filifoliae 
Artemisia frigida 

A phis maidi-radicis 

Aphis middletonii 

Capitophorus glar 

E pameiba phis fri 

Macrosiphum frigidae 

VMacrosiphum frigidicola 

Pseudoe pameiba phis glauca 
Artemisia gnaphalodes 

A phis oregonensis 

Macrosiphum ludovicianae 
Artemisia longifolia 

1 phis artemisicola 

i phis canae 

Capitophorus brevinectarius 

Capilophorus longinectarius 

Capitophorus pullus 
Artemisia ludoviciana 

Macrosiphum ludovicianae 

Microsiphum artemisiae 

Rhopalosiphum rufomaculata 


Artemisia tridentata 
A phis artemisicola 
A phis canae 
A phis filifoliae 
1 phis hermistonii 
A phis oregonensis 
Capitophorus heterohirsulus 
Flabellomicrosiphum 
tridentatae 
Macrosiphum coweni 
Macrosiphum longipes 
Microsiphum arlemisiae 
Artemisia trifida 
Macrosiphum jonesii 





Artemisia vulgaris 
Macrosiphum filifoliae 
Asclepias sp. 
A phis gossypii 
A phis helianthi 
i phis lutescens 
Macrosiphum solanifolii 
Ash—See Fraxinus 
Asparagus and asparagus fern 
Mysus circum flexus 








Myzus persicae 
Aspen—See Populus tremuloides 
Aster—See Machaeranthera and 
Aster 
Aster sp. 


A phis aslerensis 
A phis maidi-radici 
A phis menthae-radicis 
A phis middletonii 
Alarsos grindeliae 
Macrosiphum atri pes 
Macrosiphum erigeronensis 
Macrosiphum katonkae 
Macrosiphum tenuitarsis 
Mysus circum flexus 
Pem phigus balsamiferae? 
Astragalus sp. 
i phis medicagin 
Macrosiphum pisi 
Atriplex sp. 
A phis tetrapteral 
Avena sp. 
A phis maidis 
Forda olivacea 
Macrosiphum dirhodum 
Macrosiphum granarium 
Rhopalosiphum prunifoliae 
Rho palosiphum r 


loxoptera graminum 





Barley —See Hordeum 
Batrachium sp. 

Rhopalosiphum nym pheae 
Bean See Phasevius and Vicia 
Bedstraw—See Galium 
Beggers’ ticks—Sce Bidens 
Begonia sp. 

1 phis gossypii 
Berberis vulgaris 

Rho palosiphum berberidi 
Berula erecta 

Cavrariella ca preae 

Rho palosiphum melliferum 

Rhopalosiphum nym pheae 
Beta vulgaris 

1 phis rumicis 

Mysus persicae 

Pem phigus belsamiferae 
Betula sp. 

Cala phis annulata 

Cala phis betulaecolens 

Ce pegillettea betulaefoliae 

Euceraphis gillettei 

Hamamelistes s pinosus 

Symydobius intermedius 
Bidens sp. 

Macrosiphum chrysanthemi 

Pem phigus balsamiferae? 

Rhopalosiphum nym pheae 
Bindweed—See Convoluvulus 
Blazing star—See Laciniaria 
Blue grass—See Poa 
Bossekia delicicsus 

Rhopalosiphum bossekiae 
Box elder—See Acer Negundo 
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Brassica sp. 
Brevicoryne bras 
Vysus persicae 
Rhopalosiphum p 

Bromus inermis 
Forda olivacea 

Bromus tectorum 
Forda olivacea 

Buckthorn—See Rhamnus 

Buffalo-berry—See Shepherdia 

Bulrush—See Scirpus 

Bursa bursa-pastoris—Se¢ 

Capsella 


Calendula officinalis 

Mysus persicae 
Calla lily—See Richardia 
Canteloup—See Cucumis 
Capnoides 

Kakimia tutigula 
Capsella bursa-pastoris 

1 phis bakeri 

1 phis gossypii 

1 phis helichrysi 

1 phis medicaginis 

1 phis middletonii 

1 phis rumici 

Myzus persicae 

Rhopalosiphum pseudobra 
Carduus—See Cirsium 
Carex sp. 

Iziphya flabellus 

Thripsaphis ballii 

Thripsaphis producta 

Thripsaphis verrucosa 

Toxo plera 1 rubra 
Carnation—See Dianthus 
Carrot—See Daucus 
Carum petroselinum 

awartella capreae 


a caryae 
Castilleia sp 
Kakimia alpina 
Vacrosiphum solanif 
Catabrosa aquatica 
is pidaphis aquatica 
Catalpa 
A phis gossypii 
Catnip—See Nepeta 
Cattails—See Typha 
Ceanothus sp 
A phis ceanothi 
1 phis ceanothi-hirsul 
Cedar, Rocky Mountain—S 
Sabina 
Celery—See Apium 
Ceratophylium sp. 
Rhopal phum nym pheae 
Cercocarpus parvifolius 
1 phis cercocar| 
Chamenerium angustifolia 
1 phis oenotherae 
i ph enotherae 
Vacrosiphum epil 
Vacrosiphum solanif 
Vacrosiphum valeriana 
Chenopodium album 
medicagini 
plerus al 
iphum solani} 
per le 
} 


u“ 
Pem phigus balsamiferae 
Cherry—See Prunus cerasus 
Cherry, sand—See Prunus 
Besseyi 
Chickweed—See Stellaria 
Chokecherry—See Prunus 
melanocarpa 
Chrysanthemum 
Macrosiphum sant 
per 1é 


losiphum rufoma 
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Chrysothamnus sp. 
i phis gregalis 
Chrysothamnus frigidus 
Ca pitophorus elongatus 
Capitophorus wasatchii 
Macrosiphum packi 
Chrysothamnus graveolens 
A phis chrysothamnicola 
1 phis ornata 
Capito phorus oestlundi 
Macrosiphum erigeronensi 
Macrosiphum packi 
Chrysothamnus plattensis 
Capito phorus oestlundi 
Cicuta occidentalis 
1 phis heraclella 
Cavariella capreae 
Rhopalosiphum melliferum 
Cineraria 
1 phis helichrysi 
Macrosiphum solanifolii 
Mysus persicae 
Mysus pseudosolani 
Cinquefoil—See Dasyphora and 
Potentilla 
Cirsium sp. 
1 phis cardui 
1 phis helianthi 
1 phis helichrysi 
1 phis pilosicauda 
Bipersona tortica 
Capitophorus b 
VMacrosiphum longirost 
Mysus persicae 
Citrullus vulgaris 
Myzus persicae 
Clematis ligusticifolia 
1m phoro phora brevitarsis 
Cleome serrulata 
1 phis medicagini 
Clover, red—See Trifolium 
pratense 
Clover, white—See 
repens 
Cocklebur 
Columbine 
Convolvulus 
VMysus persicae 
Corn—See Zea Mays 
Cornus stolonifera 
Lnoecia quer 


Trifolium 


See Xanthium 
See Aquilegia 


ph rnif 


1] n tiantni 
Vv 


Al ma tae 
Vacrosiphum anifolii 
Cottonwood—See Populus 
acuminata and sergentii 
Cows!ip—See Primula 
Crataegus sp 
1m phorophora crataegi 


bakeri 


Rho pa phum | q 
Crowfoot See Ranunculus 
Cucumis sp 

i ph 

Mysus per 
Cucurbita 

1 pi 

\ phis rum 

Vacr hum 1) 
Currant, golden—Sex 

longifiorum 
Currant, wild —Se« 
Cyclamen 
Mycru rcum flexu 


runif le 


Ribes 


Ribes cereum 


Dahlia 
1 phis rumi 
Dasiophora fruticosa 
Vacrosiphum wasin 


Death Camass— See Zygadenus 


Colorado 


Delphinium occidentalis 
i phis rociadae 
Kakimia wahinkae 
Dianthus caryophyllus 
Myzus persicae 
Digitalis purpurea 
Myzus persicae 
Dock—See Rumex 
Dogwood —See Cornus 
Dutchman’s breeches— Sex 
Capnoides 
Dysodia sp. 


Vf ven, oy 10 
Wysus persicae 


Echinochloa crus-galli 

1 phis maidis 

1 phis setariae 

Forda olivacea 

Geoica squamosa 

Rho palosiphum rhois 
Echinocystis lobata 

i phis gossypii 

Macrosiphum solanifolii 
Eichhornia sp. 

Vysus circum flexus 

Rho palosiphum nym pheae 
Eleagnus angustifolia 

Capitophorus braggii 

Ca pitophorus gillettet 

Capitophorus she pherdiae 
Elm—See Ulmus 
Elymus sp 

Forda formicaria 

Forda olivacea 

Macrosiphum dirhodum 

Vacrosiphum granarium 

Rho palosiphum rho 
Epilobium adenocau!on 

Mysus mahaleb 
Erigeron sp 

1 phis helichrysi 

1 phis middletoniu 

\acrosiphum eris 
Eriogonum sp. 

1 phis ertogoni 

Braggia echin 

Vacrosiphum solan 
Euonymus sp. 

1 phis rumicis 
Eupatorium 

1 phis helichrysi 
Euphorbia marginata 

Macrosiphum euphorbiae 
Eurotia lanatum 

MVacrosiphum frigidicola 

Macrosiphum ludovicianae 


False gromwell—See Onos- 
modium 
False mallow—See Malavastrum 
Fetid Marigold—See Dysodium 
Fir, balsam-——See Abies 
Fir, red or Douglas—See 
Pseudotsuga . 
Fire-weed—See Chamaenerion 
Flax—See Linum 
Fleabane—Sce Erigeron 
Foxglove—Sce Digitalis 
Foxtail—See Alopecurus and 
Setaria 
Fragaria sp 
1 phis forbesi 
Capitophorus fragaefoiu 
Captlophorus minor 
Franseria tomentosa 
Ca pitophorus wasatchii 
Frasera speciosa 
A phis traserae 
Fraxinus americana 
Pemphigus fraxinifolii 
Fraxinus pennsylvanica 


Prociphilus venafuscus 
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Gaertneria—Sce Franseria 
Galium sp. 
Aphis circezandis 
Gaura sp. 


A phis medicaginis 

Macrosiphum gaurae 
Gentian, green—See Frasera 
Geranium richardsonii 

Am phorophora geranii 

Macrosiphum solanifolii 
Geranium, tame—See 

Pelargonium 

Gilia aggregata 

Kakimia takala 
Gladiolus 

A phis tulipae 

Macrosiphum solanifolii 
Glycyrrhiza lepidota 

A phis medicaginis 
Golden-glow—See Rudbeckia 
Goldenrod—See Solidago 
Gonophryea sp. 

A phis rumici 


Grass, barnyard—See Echino- 
chloa 
Greasewood—See Sarcobatus 


Grindelia squarrosa 
Am phorophora grindeliae 
Atarsos grindeliae 
Macrosiphum erigeronensi 
Prociphilus erigeronensis 
Gum plant—See Grindelia 





Hawthorn See Crataegus 
Helianthus annuus 

A phis det rnis 

A phis helianthi 

A phis middletonii 

Macrosiphum ambrosiae 

Macrosiphum solanifolti 

Prociphilus erigeronensis 
Helianthus tuberosus 

A phis debilicorni 
Helichrysum sp. 

A phis rumicis 

A phis s piraecola 

Macrosiphum solanifolii 

Myzus pseudosolani 
Heracleum sp. 

A phis heraclella 

Cavariella capreae 

Cavariella essigi 

Rhopalosiphum melliferum 
Hibiscus s 

A phis gossypii 
Hippophae rhamncides 

Capitophorus gillettei 

Capitophorus she pherdiae 

Capitophorus xanthii 
Hollyhock—See Althaea 
Honeysuckle—See Lonicera 
Hops—See Humulus 
Hordeum sp. 

Anoecia graminis 

A phis maidis 

Forda olivacea 

Macrosiphum granarium 

Rhopalosiphum rhois 

Toxo ptera graminum 
Horse bean—See Vicia 
Horse-mint—See Monarda 
Horseradish—See Radicula 
Humulus lupulus 

Macrosiphum solanifolii 

Phorodon humuli 
















Iva sp. 
A phis helianthi 
A phis medicaginis 
Macrosiphum ambrosiae 
Macrosiphum solanifolii 
Pemphigus balsamiferae? 


Jacob’s ladder—See Polemonium 
Joe Pye-weed—See Eupatorium 
Juglans sp. 

Monellia caryae 
Juncus sp. 

Geoica squamosa 
Juniperus sibirica 

Cinara juntperenst 

Cinara sibiricae 


Knot-weed—See Polygonum 
Kochia scoparia 
1 phis medicaginis 


Laciniaria punctata 
1 phis laciniariae 
Capilophorus wasatcni 
Lactuca sp. 
Am phorophora sonchi 
A phis medicaginis 
1 phis rumicis 
Macrosiphum erigeronensis 
Macrosiphum solanifolii 
Macrosiphum sonchella 
Myszus persicae 
Myzus pseudosolani 
Larkspur—See Delphinium 
Lathyrus sp. 
Macrosiphum pisi 
Leonurus sp. 
Capitophorus ribi 
Myzus pseudosolani 
Lepidium sp. 
A phis medicaginis 
Mysus persicae 
Lettuce—See Lactuca 
Leucocrinum montanum 
Myzus leucocrini 
Liatris—See Laciniaria 
Ligusticum porteri 
Cavariella capreae 
Lilium sp. 
Myzsus circum flexu 
Mysus persicae 
Lily—See Lilium 
Linum sp 
Macrosiphum granarium 
Loco—See Astragalus and 
Aragallus 
Locust-tree 
Lonicera sp. 
Am phicercidus flocculosa 
Rhopalosiphum melliferum 
Lousewort—See Pedicularis 
Lovage—See Ligusticum 
Lungwort—See Mertenisa 
Lupinus sp. 
A phis lupini 
Macrosiphum albifrons 
Mysus persicae 
Lycopersicon esculentum 
Myzus persicae 









See Robinia 


Machaeranthera viscosa 

Alarsos grindeliae 
Mallow—See Malva 
Malva rotundifolia 

A phis helichrysi 

A phis medicaginis 

Macrosiphum solanifolii 

Myzus persicae 
Malvastrum coccinea 

Myzus persicae 
Marigold—See Tetraneuris 
Marsh elder—See Iva 
Matthiola sp. 

Rhopalosiphum pseudobrassicae 
Meadow-rue—See Thalictrum 
Medicago sativa 

A phis medicaginis 

Macrosiphum « reelii 

Macrosiphum pisi 
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Melica bulbosa 

Forda formicaria 
Melilotus s; 

A phis bakeri 

1 phis medicaginis 

Vacrosiphum p 
Melo— See Cucumis 
Mentha sp. 

1 phis menthae-radici 

Phorodon menthae 
Mentzelia sp. 

Macrosiphum mentzeliae 
Mertensia sp. 

Macrosiphum mertensiae 

Vacrosiphum niwanista 
Mimulus sp 

Rho palosiphum nym pheae 
Mint—See Mentha 
Monarda sp. 

1 phis monardae 

Mysus monardae 
Monkey-flower—See Mimulus 
Morning-glory—Sce Convolvulus 
Motherwort—See Leonurus 
Mountain ash--See Sorbus 
Mountain mahogany—See 

Cercocarpus 


Nasturtium—See Tropaeoleum 
Nectarine—See Prunus persica 
Nepeta cataria 

i phis frangulae 
Nicotiana tabacum 

Myzus persicae 
Nine-bark—See Physocarpus 
Nymphea polysepala 


Rho palosiphum nym pheae 





Oats—See Avena 
Oenothera biennis 

1 noecia oenotherae* 

1 phis oenotherae 

l phis oe ndt 

Macrosiphum gaurae 
Oleander—See Nerium 
Onosmodium occidentalis 

1 phis helichrysi 
Orthocarpos luteus 

Kakimia al pina 
Oxalis sp. 

Myzus circum flexus 


Oxybaphus—See Allionia 






Palm 
Cerata phis lataniae 
Panicum capillare 
A phis matdis 
Panicum crus-galli—Se« 
Echinochloa 
Papaver sp. 
Macrosiphum solanifolii 
Mysus persicae 
Parsnip, cow—See Heracleum 
Pastinaca sativa 
A phis heraclella 
Cavariella capreae 
Rhopalosiphum melliferum 
Pea—See Pisum 
Pea, cow—See Vigna 
Pea, sweet—See Lathyrus 
Peach—See Prunus persica 
Pear—See Pyrus communis 
Pedicularis bracteosa 
Kakimia alpina 
Pelargenium sp. 
Macrosiphum cornelli 
Macrosiphum pelargonii 
Pentstemon sp. 
A phis pentstemonicola 
Macrosiphum solanifolii 


*Reported by A. C. Maxson. 
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Peppergrass— See Lepidium 
Periwinkle—See Vinca 
Persicaria sp. 
Rho palosiphum nym pheae 
Phacelia sp. 
A phis helichrysi 
A phis phaceliae 
Phaseolus sp. 
A phis gossypii 
1 phis medicaginis 
Phleum sp. 
Forda formicaria 
Rho palosiphum rhoi 
Phragmites communis 
Hyalopterus arundinis 
Physocarpos ramaleyi 
A phis neilliae 
Picea Engelmannii 
Cinara coloradensis 
Cinara engelmanniensis 
Cinara hottesi 
Cinara palmerae 
Cinmara vandyket 
Picea parryana 
Cinara coloradensis 
Cinara fornacula 
Cinara glehna 
Cinara palmerae 
Mindarus abietinus 
Pigweed—See Amaranthus 
Pine—See Pinus and Apinus 
Pinus contorta var. murrayana 
Cinara brevis pinosa 
Cinara medts pinosa 
Cinara murrayanae 
C imara oregonenst 
Essigella californi 
Essigella pin 
Schizolachnus pini 
Pinus edulis 
Cinara atra 
Cinara eduli 
Cinara terminalis 
Essigella hoerneri 
Pinus ponderosa var. scopulorum 
Cinara glabra 
Cinara oregonensts 
inara ponderosae 
inara Schwarzii 
inara solitarius 
ssigella californica 
ssigella fusca 
ssigella hoerneri 
ssigella pint 
Eulachnus rileyi 
Schizolachnus pini-radiatae 
Pisum sp. 
Macrosiphum pisi 
Macrosiphum solanifolii 
Plum—See Prunus americana 
and domestica 
Poa sp. 
Forda formicaria 
Forda olivacea 
Macrosiphum granarium 
Rhopalosiphum poae 
Polemonium speciosum 
Kakimia polemonii 
Polygonum sp. 
A phis medicaginis 
Aspidaphis polygoni 
Capitophorus gillettei 
Macrosiphum solanifolii 
Rhopalosiphum nym pheae 
Poppy—See Papaver 
Populus sp. 
Clavigerus po pulifoliae 
Clavigerus smithiae 
Pterocomma populea* 
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*Record on Populus balsam- 
ifera, Part I, P. 928, is in error; 
should read Populus sargentii or 
acuminata. 


Populus acuminata 
Pemphigus populicaulis 
Periphyllus populicola 

Populus angustifolia 
Asiphum sacculi 
Chaitophorus populella 
Clavigerus smithiae 
Cornaphis populi 
Pem phigus balsamiferae 
Pem phigus mono phagus 
Pem phigus po puli-globuli 
Pemphigus po puli-venae 
Periphyllus populicola 
Thecabius populi-monilis 

Populus balsamifera 
1 phis maculatae 
Pem phigus balsamiferae 
Pem phigus mono phagus 
Pemphigus populi-venae 
Thecabius gravicornis 

Populus nigra var italica 
\ phis maculatae 

Populus occidentalis—See 

Populus sargentii 

Populus sargentii 
1 phis maculatae 
{siphum pseudobyrsa 
Chaitophorus populella 
Clavigerus smithiae 
Mordt agabunda 
Pemp junctisensoriatu 
Pemp us norton 
Pem phigus populicaulis 
Pem phigus populi-ramulorum 
Pemphigus populi-transversus 
Periphyllus populicola 
Pterocomma populea 
Thecabius po puli-condu plifolius 

Populus tremuloides 
1 phis maculatae 
istphum rosettet 
Chaitophorus populifoliae 
Periphyllus populicola var. 

bruneri 
Pterocomma beulahensis 

Potato—See Solanum tuberosum 

Potentilla sp. 

Capitophorus fragaefolii 
Kakimia potentillae 
Macrosiphum solanifolii 

Primula forbesii 
Mysus persicae 

Prunus americana 
A phis cardui 
A phis h h 


lopterus arundinis 
“Ss persicae 
Phorodon humuli 
Prunus armeniaca 
Hyalopterus arundinis 
Mysus persicae 
Prunus Besseyi 
Rho palosiphum scir pifolii 
Prunus cerasus 
Myzus cerasi 
Myzus persicae 
Prunus domestica 
A phis setariae 
Myzus persicae 
Prunus mahaleb 
Myzus mahaleb 


Prunus melanocarpa 
A phis cerasifoliae 
Asiphonaphis pruni 
Myzus persicae 

Prunus persica 
A phis persicae-niger 
Myzus persicae 

Pseudotsuga taxifoliae 
Cinara pseudotsugae 
Cinara s plendens 
Cinara taxifoliae 


Gillette and Palmer: Aphidae of Colorado 


Pyrus communis 
1 phis bakeri 
A phis medicagini 
Aphis pomi 
1 phis rosea 
Pyrus malus 
1 phis bakeri 
1 phis helichr 
A phis medicag 
A phis pomi 
1 phis rosea 
Eriosoma lanigerum 
Rhopalosiphum prunifoliae 


Quamasia hyacinthia 
Vacrosiphum kiowane pus 
Quercus s; 
Anoecia querci 
Lachnus montanus 
Myzocallis discolor var. 
oloradensis 
Mysocallis punctata 
Stego phylla quercifoliae 


Radicula armoracia 
1 phis middletonii 
Vacrosiphum solanifolii 
Radish See Raphanus 
Ragweed—See Ambrosia 
Ranunculus sp. 
Thecabius po puli-condu plifolius 
Raphanus sativus 
Brevicoryne brassicae 
persicae 
siphum pseudobrassicae 
Raspberry, wild—See Rubus 
strigosus 
Reed grass—-Phragmites 
Rhamnus cathartica 
1 phis abbreviata 
Rhubarb— See Rheum 
Rhus cismontana 
Rho palosiphum rhois 
Rhus trilobata 
Rho palosiphum rhois 
Ribes cereum 
Kakimia cerel 
Ribes grossularia 
Kakimia cynoshati 
Kakimia houghtonensi 
Ribes longifiorum 
Am phoro phora ribiella 
1m phorophora sonchi 
i phis neomexicana 
A phis ribiensis 
A phis verians 
Ca pitophorus ribi 
Kakimia cynosbati 
Ribes rubrum 
Capitophorus ribis 
Ribes sanguineum 
Kakimia cynosbati 
Ribes saxosum 
Kakimia cynosbati 
Rice Cut-grass—See 
cenchrus 
Richardia africanus 
Myzus persicae 
Robinia neomexicana 
A phis medicaginis 
Myzocallis robiniae 
Robinia Pseudoacacia 
Myzocallis robiniae 
Roripa nasturtium 
Myszus persicae 
Rhopalosiphum pseudobrassicae 
Rosa sp. 
1m phoro phora nervata 
Capito phorus fragaefolii 
Lachnus rosae 
Macrosiphum dirhodum 
Vacrosiphum nigromaculosum 
Macrosiphum rosae 
Macrosiphum solanifolii 


Homalo- 
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Rubus sp. 
Am phoro phora ligwatensa 
A phis rubicola 
Rubus strigosus 
Am phorophora rubi 
Cerosipha rubifolii 
Rudbeckia sp. 
Macrosiphum rudbeckiae 
Rumex sp. 
1 phis carbocolor 
A phis gossypii 
A phis medicaginis 
A phis middletonii 
1 phis rumicis 
Macrosiphum solanifolii 
Mysus circum flexus 
Myzus persicae 
Rush—See Juncus 
Russian olive—See Eleagnus 
Russian thistle—See Salsola 
Rye—See Secale 
Rye, wild—See Elymus 


Sabina scopulorum 
4m phorophora morrisoni 
Cinara pulverulens 
Cinara sabinae 
Siphonatrophia gravida 
Sage—See Artemisia 
Sage, white—See Eurotia 
Sage, winter—See Eurotia 
Sagittaria sp. 
Rhopalosiphum nym pheae 
Salix sp. 
Aphis saliceti 
avariella capreae 
avariella essigi 
avariella theobaldi 
haitophorus viminalis 
lavigerus bicolor 
lavigerus salicis 
erus smithiae 
Fullawaya saliciradicis 
Lachnus salignus 
Macrosiphum laevigatae 
Periphyllus macrostachyae 
Periphyllus salicicorticis 
Plocama phis braggii 
Plocama phis flocculosum 
Salsola tragus 
1 phis medicaginis 
Mysus persicae 
Sambucus microbotrys 
A phis sambucifoliae 
Macrosiphum stanleyi 
Sand lily—See Leucocrinum 
Sarcobatus vermiculatus 
1 phis bonnevillensis 
Scirpus sp. 
Rho palosiphum nym pheae 
Rhopalosiphum scir pifolii 
Secale cereale 
Macrosiphum granarium 
Senecio sp. 
A phis helichrysi 
A phis lugentis 
A phis middletonii 
A phis senecio-radicis 
Macrosiphum sotanifolii 
Service-berry—See Amelanchier 
Setaria sp. 
Anoecia selariae 
A phis maidis 
Forda olivacea 
Shepherdia argentea 
Capitophorus gillettei 
Capitophorus she pherdiae 
Sieversia ciliata 
Macrosiphum kiowane pus 
Smartweed—See Persicaria_ .- 
Snapdragon—See Antirrhinum 
Snowball—See Viburnum 





ARRARRAR 


Snow-on-the-mountain—See 
Euphorbia 
Solanum melongena 

A phis gossypit 

A phis persicae 
Solanum tuberosum 

Macrosiphum solanifolii 

Mysus circum flexus 

Mysus persicae 

Mysus pseudosolani 
Solidago sp 

1 phis medicaginis 

A phis solidaginifoliae 

Macrosiphum atripes 

Pemphigus balsamiferae? 

Rhopalosiphum serotinae 
Sonchus sp. 

Am phorophora sonchi 

Macrosiphum solanifolii 
Sophia sp. 

A phis gossypii 

A phis medicaginis 

A phis middletonii 
Sorbus sp. 

A phis pomi 
Sorghum vulgare 

A phis maidis 
Sow thistle—See Sonchus 
Spiraea sp. 

A phis s piraecola 

A phis spirae phila 
Spruce—See Picea 
Squash—See Cucurbita 
Stachys palustris 

Capitophorus ribis 
Stellaria media 

Myzus persicae 
Stipa sp. 

Rho palosiphum rhois 
Stocks—See Matthiola 
Strawberry—See Fragaria 
Strawflower—See Helichrysum 
Sumac—See Rhus cismontana 
Sunflower—See Helianthus 
Svida—See Cornus 
Sweet clover—See Melilotus 
Symphoricarpos sp. 

Am phicercidus pulverulens 

A phis incognita 

Brevicoryne sym phoricar pi 

Rhopalosiphum melliferum 
Tanacetum sp. 

A phis helichrysi 

Macrosiphum ludovi 

Mysus persicae 
Tansy mustard—See Sophia 
Taraxacum officinale 

A phis maidi-radicis 

1 phis medicaginis 

A phis menthae-radicis 

A phis middletonii 

Macrosiphum taraxaci 

Prociphilus erigeronensis 

Trama oculata 
Tetraneuris sp. 

Macrosiphum solanifolii 
Thalictrum sp. 

Kakimia pur purescens 
Timothy—See Phleum 
Tobacco—See Nicotiana 
Trifolium pratense 

A phis bakeri 

A phis medicaginis 

Mysus persicae 
Trifolium repens 

Mysus persicae 
Triticum sp. 

Aphis medicaginis 

Brachycolus tritici 

Forda olivacea 

Macrosiphum granarium 

Rhopalosiphum prunifoliae 

Toxoplera graminum 





Inde 


Tropaelum majus 
1 phis rumicis 
Mysus persicae 

Tulipa sp. 
Macrosiphum solanifolii 
Mysus persicae 

Typha latifolia 
Rhopalosiphum enigmae 
Rho palosiphum nym pheae 


Ulmus americana 
Eriosoma americanum 
Eriosoma lanigerum 
Eriosoma rileyi 
Myszocallis ulmifolii 
Tetraneura graminis 

Ulmus campestris 
Tetraneura ulmisacculi 

Ulmus fulva 
Eriosoma crataegi 
Gobiashia ulmifusu 

Urtica gracilis 
1 phis helianthi 
A phis helichrysi 
1 phis rumicis 
Macrosiphum schranki 


Valeriana sp. 
Aphis pseudovalerianae 
1 phis valerianae 

Macrosiphum valerianae 
Verbena bipinnatifida 

A phis gossypii 

Mysus persicae 
Veronica sp. 

Rho palosiphum nym pheae 
Vetch—See Lathyrus and Vicia 
Viburnum Opulus 

A phis rumicis 

A phis s piraecola 

i phis spiraephila 
Viburnum Opulus var. sterile 
1 phis viburnicola 
Vicia faba 

A phis medicaginis 

Mysus persicae 

Trifidaphis phaseoli 
Vigna sinensis 

1 phis medicaginis 
Vinca sp 
1 phis helichr) 

Mysus circumflexu 

Mysus persicae 
Viola sp. 

Mysus circum flexus 

Mysus persicae 
Violet—See Viola 





Walnut—See Juglans 
Watercress—See Roripa 

Water hyacinth—See Eichhornia 
Water-lily—See Nymphea 
Water parsnip—See Berula 
Willow—See Salix 


Xanthium echinatum 
Capitophorus xanthii 

Xylosteum sp. 
Rho palosiphum melliferum 





Yarrow—See Achillea 
Yucca glauca 
A phis helianthi 


Zea Mays 
A phis maidi-radicis 
A phis maidis 
A phis middletonii 
A phis rumicis 
Zygadenus sp. 
Macrosiphum kiowane pus 








INDEX TO APHIDAE 


Italics indicate genera or species y mentioned in comparisons, synonymy, 
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OF COLORADO 


mis — fication or species under sifferent genus than placed here. Bold face 


indic ates new names 


abbreviata Aphis, II, 379 
abietinus Mindarus, III, 248. 
acerifolii Drepanaphis, I, 912. 
acerifolit, Siphonophora, I, 912. 
Adactynus, |11, 184 

adjuvans, Aphis, II, 456 
adjuvans acids iphis, II, _ 
affinis, Pemphigus, II, 

affinis Thecabius, III, 
agilis, Eulachnus, I, 836. 
agtlis, Lachnus, I, 835, 837. 
agropyronensis, Chaitophorus, I, 915 
agropyronensis, Sipha, I, 915 
albifrons, Macrosiphum, III, 17 
alpina, Kakimia, III, 160. 
alpinus, Myzus, III, 160. 
ambrosiae Macrosiphum, III, 
ambrosiae, Siphonophora, III, 
americanum, Eriosoma, III, bt 
Amphicercidus, II, 370. 
Amphorophora, ITI, 134. 
ampullata Amphorophora, III, 135. 
annulata, Calaphis, I, 901. 
annulata, Chaitophorus, I, 901. 
Anoecia, I, 831. 

anomalae, Macrosiphum, III, 199. 
Anuraphis, II, 374, 370, 408. 
Aphis, II, 373. 

apini, Cinara, I, 846. 

apini, Lachnus, I, 846. 

aquatica, Asphidaphis, II, 457. 
aquatica, Siphocoryne, II, 457. 
aquilegiae, Myzus, III, 163. 
argentinae-radicis, Aphis, II, 380. 
armoraciae, Aphis, II, 420. 
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arnicae, Amphorophora, III, 135. 
artemisiae, Chaitophorus, II, 475. 
artemisiae, Microsiphum, II, 475. 
artemisiae, Nectarophora, III, 175 


artemisicola, Aphis, II, 381. 


artemisicola, Siphonophora, III, 150. 


arundinis, Aphis, II, 473. 
arundinis, Hyalopterus, II, 473 
asclepiadis, Aphis, II, 412. 
Asiphonaphis, II, 455. 
Asiphum, IIT, 216. 

Aspidaphis, II, 456. 

asterensis, Aphis, II, 382. 
Atarsos, II, 458. 

atra, Cinara, I, 847. 

atra, Lachnus, I, 847. 

atripes, Macrosiphum, III, 173 
atriplicis, Aphis, II, 474. 
atriplicis, Hyalopterus, II, 474 


bakeri, Aphis, II, 383. 


Roman numerals indicate parts of APHIDAE OF COLORADO, 


ballit, Brachycolus, I, 909. 
ballii, Thripsaphis, I, 909, 910. 
balsamiferae, Pemphigus, III, 222. 
berberidis, Aphis, II, 480. 
berberidis, — alosiphum, IT, 480. 
betae, — yhigus, III, 222. 
betulae, C Callipte rus, I, 904, 905. 
betulae, Euceraphis, I, 904. 

letulaec ole nS, Aphis, I, 901. 
betulaecolens, Calaphis, I, 901. 
betulaefoliae, Cepegillettea, I, 898. 
betulella, Calaphis, I, 900. 
beulahensis, Cladobius, I, 928 
beulahe nsis, Pterocomma, I, 928 
bicolor, Clavigerus, I, 932. 

Licolor, Melanoxanthus, I, 932. 
Bipersona, III, 143. 

bonnevillensis, Aphis, II, 384. 
bossekiae, Rhopalosiphum, II, 481. 
Brachycolus, II, 460. 

Braggia, II, 461. 

braggii, Capitophorus, III, 146. 
braggii, Drepanosiphum, I, 914. 
braggii, Mysus, III, 146. 

braggii, Plocamaphis, I, 930 
brassicae, Aphis, II, 463. 

brassicae, Brevicoryne, II, 463. 
Brevicoryne, 11, 463. 
brevinectarius, Capitophorus, III, 147. 
brevis, Aphis, II, 444. 
brevispinosa, Cinara, I, 848. 
brevispinosa, Lachnus, I, 848. 
brevispinosus, Periphyllus, I, 921. 
brevitarsis, Amphorophora, III, 136. 
bruneri, Chaitophorus, I, 925. 
bruneri, var. of populicola, Periphyllus, 

I, 925. 

bumeliae, Aphis, III, 230. 
bumeliae, Proc., III, 230. 

bursarius, Aphis, III, 222 
bursarius, Pemphigus, Il, 222. 
Byrsocrypta, I11, 220. 


Calaphis, I, 899. 

californica, Nectarophora, III, 185. 
californicus, Essigel! a, I, 838, 840 

californicus, Lachnus, I, 838. 
Callipterinola, I, 887, 897. 
Callipterus, 1, 887, 897. 

canae, Aphis, II, 385, 407, 427. 
Capitophorus, II, 473, III, 144. 
capreae, Aphis, II, 466. 

capreae, Cavariella, II, 466. 
carbocolor, Aphis, II, 386. 
carduella, Aphis, II, 403, 432. 
cardui, Aphis, II, 387. 
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carduinus, Aphis, III, 145. 
carduinus, Capitophorus, III, 145. 
caryae, Aphis, I, 879. 

caryae, Callipterus, I, 895. 
— Monellia, I, 895. 


caryell Nah I, 894. 
Cavariell: , 465. 

ceanothi, Aphis = 388, 389. 
ceanothi-hirsuti, Aphis, II, 389. 


Cedoaphis, II, “08. 

celti, Shivaphis, I, 883. 
Cepegillettea, I, 898 
cerast, Aphis, III, 201. 
cerasi. Mvzus, IIT, 201. 
cerasifoliae , Aphis, IT, 389. 
Cerataphis, ae 241. 
cercocarpi, Aphis, II, 391. 
cerei, Kien ax. I11, 161. 
Cerosipha, II, 469. 
Chaitophorus, I, 916, II, 473. 
Chromaphis, I, 897. 


chrysanthemi, Macrosiphum, III, 174. 
chrysanthemi, Nec ti oes III, 174. 
chrysothamnicola, Anuré aphis, IT, 391. 


chrysothamnicola, 

chrysanthemicolens, 
195. 

Cinara, I, 843. 

circezandis, Aphis, II, 392. 

circum flexus, My zus, III, 202. 

circumflexus, Siphonophora, III, 200. 

Clavigerus, I, 931. 

Coccus, III, 241. 

coloradensis, Cinara, I, 849. 

coloradensis, Lachnus, I, 849. 

coloradensis, n. var. of discolor, Myzo- 
callis, 1,890 

Coloradoa, II, 489. 

Cornaphis, III, 219. 

cornelli, Macrosiphum, III, 174. 

corni, oon I, 831, 832. 

corni, a: , 831. 

cornifoliae, Aphis, IT, 393, 403. 

corrugatans, Pemphigus, III, 230. 

corrugatans, Prociphilus, III, 230. 

coryli, Aphis, I, 888. 

coryli, Myzocallis, I, 888. 

cosmopolitana, Rhopalosiphum, III, 142. 

coweni, Macrosiphum, III, 175. 

coweni, Nectarophora, III, 175. 

coweni, Pemphigus, I, 884. 

coweni, Tamalia, I, 884. 

crataegi, Amphorophora, III, 137. 

crataegi, Eriosoma, III, — 

crataegi, Schizoneura, III, 211. 

crataegi, ern ITI, a7. 

creelii, Macrosiphum, III, 176. 

cupressi, Cerosipha, IT, 492. 

cupressi, Siphonatrophia, II, 

curvipes, Cinara, I, 850. 

curvipes, Lachnus, I, 850, 857. 

cynosbati, Kakimia, IIT, 162. 


Aphis, IT, 391. 


Siphonophora, ITI, 


492, 493. 


flabellus, Calliy 
flava, 


cynosbati, Nectarophora, III, 162. 
Dactynotus, III, 167. 
Amphorophora, III, 136. 
debtlicornis, Anuraphis, II, 394. 
debilicornis, Aphis, II, 394. 
dentatus, Lachnus, I, 878 
dirhodum, Aphis, III, 176 
dirhodum, yhum, ITI, 176 
discolor, Callipterus, I, 889. 
discolor, Myzocallis, I, 889 
Drepanaphis, I, 912 
Drepanosiphum, I, 912¢ 


Durocapillata, 11, 473 


davidsont, 


Macrosit 


echinata, Braggia, II, 462 
edulis, Cinara, I, 851, 869 
edulis, Lachnus, I, 851. 
elongatus, Capitophorus, IIT, 148. 
engelmanniensis, Cinara, I, § 
engelmanniensis, Lachnus, I, | 
enigmae, Rhopalosiphum, II, 482. 
Epameibaphis, II, 470, 477. 
epilobii, Aphis, II, 424. 
epilobii, pene wy III, 17 
epilobit, Nectarophora, III, 17 
erigeronensis, Macrosiphum, I 
erigeronensis, Prociphilus, III, a 

I 

231 
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erigeronensis, Siphonophora, II L, 
erigeronensis, Tychea, III, 
eriogoni, Aphis, IT, 396. 

eriophori, Aphis, II, 454. 
Eriosoma, IIT, 209. 

Essigella, I, 838. 

essigi, Cavariella, II, 467. 

essigi, Chaitophorus, I, 918.* 
essigi, Kakimia, III, 163. 

essigi, Myzus, III, 163. 

essigt, Siphocoryne, II, 467. 
Euceraphis, I, 904. 

Eulachnus, I, 835. 

euphorbiae, Macrosiphum, III, 178. 
euphorbiae, Siphonophora, III, 178. 


fabae, Aphis, II, 454. 
fagi, Aphis, I, 883. 

farinosa, 
fasciatus, 
filifoliae, 


Cinara, I, 853. 
Lachnus, II, 843. 
Anuraphis, II, 397. 
filifoliae, hobie, II, 397, 386. 
filifoliae co ron, III, 179 
flabelle ‘Taiy va, I, 908. 
Secaiteasemten new gen., II, 472. 
terus, I, 908. 
Euceraphis, I, 903. 
flava, Oestlundiella, I, 903. 
a Capitophorus, III, 146. 
‘flexilis, Cinara, I, 853. 

Fi Ann. Ent. Soc. Amer., Vol. 2 18, 
1928. New name for Echo Lcdaaierne 


populifolit Essig. 


1934] 


flexilis, Lachnus, I, 853. 
flocculosa, Anuraphis, II, 
flocculosa, Pecmeemie. ri 92 
flocculosus, Amphicercidus, 
flocculosus, Melanoxanthus, 
forbesi, Aphis, II, 397. 
Forda, III, 236 
formicaria, Forda, III, 237. 
fornacula, Cinara, I, 854. 
fragaefolii, Capitophorus, 
fragaefolii, Myzus, III, 153. 
frangulae, Aphis, II, 398. 
fraserae, Aphis, II, 399 
fraxinifolii Riley, Pemphigus, II 
fraxinifoliti Thos., Pemphigus, I] 
fraxinifolii (Riley), Prociphilus, I 
ieee Apl 1is, II, 470. 
frigidae, Epameibaphis, IT, 470, 478. 
frigidae, Macrosiphum, a 179. 
frigidicola, 57 ac ITT, 180. 
frigidicola, Macrosiphum, iT, 180. 
Fullawaya, I, 926. 
fusca, Essigella, I, 839. 
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gaurae, Macrosiphum, III, 181. 
Geoica, III, 239. 

geranii, Amphorophora, III, 138. 
gillettei, Aphis, II, 404. 

gillettei, Capitophorus, III, 149. 
gillettei, Euceraphis, I, 904. 
glabra, Cinara, I, 854. 

glabra, Lachnus, I, 854. 

glabrum, Macrosiphum, III, 182. 
gladioli, Aphis, III, 450. 

eens, Aphis, IIT, 149. 
glandulosus, Capitophorus, IIT, 149. 
glauca, Pse udoepame ibaphis, II, 477 
glehna, Cinara, I, 855. 

glehna, Lachnus, I, 855, 853. 
glyceriae, Aphis, I, 915. 
Gobiashia, III, 213. 


gossypii, Aphis, II, 400, 393, 398, 426, 431. 


grahami, Capitophorus, II, 485. 
grabhami, Rhopalosiphum, II, 483. 
graminis, Anoecia, I, 833, 834. 
graminis Tetraneura, III, 214. 
graminum, Aphis; II, rT 
graminum, zon tera, II, 494, 496. 
granarium, Aphis, UL 182. 
granarium, Mac rosiphum, IIT, 
gravida, Minuticornis, II, 493. 
gravida, Siphonatrophia, IT, 493. 
gravicornis Thecabius, III, 234. 
gregalis, Aphis, IT, 401, 428. 
grindeliae, Amphorophora, III, 138. 
grindeliae, Atarsos, II, 459. 
grindeliae, Siphonophora, IIT, 138 
grossa, Cinara, I, 859. 

grossulariae, Aphis, II, 452. 


Hamamelistes, IIT, 242 
Hayhurstia, II, 475 
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nederae, Aphis, II, 455. 

ielianthi, Aphis, IT, 402, 406. 
‘lichrysi, Aphis, IT, 404. 

heraclella, Aphis, II, 405. 

heracliit, Aphis, II, 405. 

hermistonii, Aphis, II, 406, 386. 

heterohirsutus, Capitophorus, III, 151. 

hippophaes, Rhopalosiphum, III, 149. 

hoerneri, Essigella, I, 840. 

hottesi, Cinara, I, 857. 

hottest, Lachnus, I, 857. 

houghtonensis, Aphis, III, 164. 

houghtonensis, Kakimia, III, 164. 

howardi, Rhopalosiphum, IT, 488. 

humuli, Aphis, III, 207. 

humuli, Phorodon, III, 207. 

Hyalopterus, II, 473. 

Hysteroneura, II, 445. 


incognita, Aphis, II, 407. 
intermedius, Symydobius, I, 896. 
Iziphya, I, 907. 


japonica, Gobaishia, III, 213. 


jonesii, Macrosiphum, IIT, 183. 
juglandicola, Chromaphis, I, 897. 


juglandicola, Lachnus, I, 897. 
jJuglandis Frisch, 
juglandis Goetze, 


Aphis, I, 887. 
Aphis, I, 887. 
juglandis Kalt., Lachnus, I, 887. 
junctisensoriatus, Pemphigus, III, 22: 
juniperensis, Cinara, I, 858. 


juniperensis, Lachnus, I, 858. 


juntperi, Cinara, I, 870. 


Kakimia, III, 159. 

katonkae, Adactynus, III, 184. 
katonkae, Macrosiphum, ITI, 184. 
kiowanepus, Adactynus, III, 184. 
kiowanepus, Macrosiphum, III, 184. 


Lachnus, I, 843. 

Lachnus, I, 875, 879. 

laciniariae, Aphis, IT, 408. 
laevigatae, Macrosiphum, III, 185. 
lahorensis, Stephensonia, II, 489. 
lanceolatum, Macrosiphum, III, 199. 
lanigera, Aphis, IIT, 210. 

lanigerum, Eriosoma, III, 210. 
lantanae, Aphis, II, ee 

lasiocarpae, Cinara, I, 

lasiocarpae, Lachnus, is 858. 
lataniae, Cerataphis, III, 241 
latantae, Coccus, III, 241. 
leucocrini, Myzus, IIT, 202. 
Liosomaphis, II, 481. 
longinectarius, Ce pitopl iorus, IIT, 
longipes, Macrosiphum, III, 186. 
longirostris, Mac sesiadein, III, 186. 
L ongistigm: 1, I, 879. 

lonicericola, Aphis, II, 373. 
ludovicianae, Macrosiphum, IIT, 187. 
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ludovicianae, Siphonophora, III, 187 
lugentis, Aphis, II, 409, 400. 

lupini, Aphis, II, 410 

lutescens, Aphis, II, 41 
Macrosiphoniella, 111, 180. 
Macrosiphum, III, 168 


macrosiphum, Macrosiphum, III, 188 
macrostachyae, Periphyllus, I, 922, 926 


macrostachyae, Symydobius, I, 922. 
maculata, Iziphya, I, 907 
maculatae, Aphis, II, 412. 
mahaleb, Myzus, III, 203. 
maidi-radicis, _ is, II, 414. 
maidis, Aphis, 415. 
malifoliae, Achis, ‘II, ; 
marginata, Forda, III, 238, 
medicaginis, Aphis, IT, 416 
medispinosa, Cinara, I, 859, 861 
medis pinosus, Lachnus, I, 859. 
melliferum, Hy -_ aph is, II, 484. 
melliferum, Rhopalosiphum, II, 484 
menthae, Ph eseten, IIT, 208. 
menthae, Siphonophora, ee 208. 
menthae-radicis, Aph ~ mf 
mentzeliae, Macrosiphum, "UL 18S. 
mertensiae, Macrosiphum, III, 189. 
Microsiphum, II, 475. 
middletonii, Aphis, II, 418, 395, 414, 
415, 443. 
Mindarus, III, 243. 
minor, Capitophorus, III, 152. 
minor, Siphonophora, III, 152 


minutissima, 


Aphis, II, 420. 


monardae, Aphis, II, 421. 
monardae, a ITI, 204. 
Monellia, I, 894. 


monophé — Pemphigus, III, 
montanus, Lachniella, I, 876. 
montanus, Lachnus, I, 876. 
Mordvilkoja, III, 220. 

morrisoni, Amphorophora, III, 139. 
morrisoni, Nectarophora, III, 139. 
murrayanae, Cinara, I, 86’. 
murrayanae, Lachnus, I, 860. 
Myzocallis, I, 888. 

Myzus, IIT, 200. 


negundinis, Chaitophorus, I, 923. 
negundinis, Periphyllus, I, 923 
neilliae, Aphis, II, 422. 
neomexicana, Aphis, II, 
neomexicana, My zus, II, 
Neophyllaphis, I, 883. 
Neothomasia, 1, 925. 
nepetae, Aphis, IT, 398. 
nerit, Aphis, II, 412. 
nervata, Amphorophora, III, 
nervata, Rhopalosiphum, III, 
nigra, Toxoptera, II, 496. 
nigrae, Chaitophorus, I, 920. 


423, 452. 
423. 


139. 
139 


Society of 











America |Vol. 


XXVII, 


nigromaculosum, Macrosiphum, III, 
190 


Nip 


t 


pol 
niwanista, 
niwanista, 
nortonii, Pempl 
nym pheae, : 
nympheae, Rhopal 


achnus, I, 
Adacty\ 
Mac rosipl 





oblonga, Ap) I, 896 

oblongus, Symydobius, I, 896, 897. 
occidentalis, Cinara, I, 861 
occidentalis, Lachnus, I, 861 
occidentalis, Forda, III, 237 
oculata, Trama, I, 881 
oenotherae, Anoecia, I, 832 
oenotherae, Aphis, II, 424 
oestlundi, Aphis, II, 425, 422 
oestlundi, Capitophor s, III, 153. 
Oestlundiella, I, 902 

olivacea, Forda, III, 238 
onobrychidis, Aphis, III, 193 
ononidis, Therioaphis, I, 893 
oregonensis, Aphis, II, 426, 386. 
oregonensis, Cinara, I, 862 
oregonensis, Lachnus, I, 862 
ornata, Aphis, II, 427, 402. 
oxybaphi, Aphis, II, 404 

packi, Macrosiphum, III, 191. 
padi, Aphis, II, 405. 

palmerae, Cinara, I, 863. 
palmerae, Lachnus, I, 863 
passeriniana, Cerosipha, II, 469. 


pastinacae, 


Aphis, II, 465. 


pastinacae, Cavariella, II, 465, 467. 
pastinacae, Rhopalosiphum, II, 485. 
pelargonii, Aphis, III, 192. 
pelargonii, Macrosiphum, II, 192. 
Pemphigus, III, 221. 
pentstemonicola, Ap! I, 428. 


pentstemonts, 


Aphis, II, 429. 


Periphyllus, I, 920. 


persicae, 
persicae, 
persicae-niger, 
phaceliae, 
phaseoli 
phaseoli, Tullgrenia, III, 
Phorodon, 


Phyllaphis, I, 


Aphis, III, 204. 
Myzus, III, 204. 
Aphis, II, 480. 
Aphis, II, 430. 
Trifidaphis, III, 240. 
240. 
III, 207 

883. 


pilosa, Pterocomma, I, 927. 


pilosicauda, Aphis, II, 432. 
pineti, Aphis, I, 842. 

pine e Schizolachnus, I, 842 
pini, Aphis, I, 845, 843, 865. 
pini, C eee, I, 845, 843. 
pini, Essigella, I, 841. 


pini-radiatae, Lachnus, I, 842 
pini-radiatae, Schizolachnus, I, 842. 
pisi, Aphis, III, 193 

pisi, Macrosiphum, IIT, 193. 
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platanoide s, Aphis, I, 913. 
platanoides, Drepanosiphum, I, 913. 
Plocamphis, I, 929. 

poae, RI} gem a Il, 485 
— irpi, Neophyllaphis, I, 888 
poler 1onii, Kakimia, III, 165 

Sylver ui, Mvyzus, III, 165 

s ahvaead. Aspidaphis, II, 456. 

pomi, Aphis, II, 433, 448. 
ponderosae, Cinara, I, 864 
ponderosae, Lachnus, I, 864. 

populea, Aphis, I, 928. 

popules a, Pterocomma, I, 928. 
populella, Chaitophorus, I, 917. 
populi Linn., Aphis, I, 917. 

populi, Chaitophorus, I, 917. 


populi-caulis, Pemphigus, III, 226. 
populicola, Chaitophorus, I, 924. 
populicola, Periphyllus, I, 924. 


populi-conduplifolins, 
234. 


Pemphigus, 
populi -conduplifolius, Thecabius, 
34 

populifoliae, Apl lis, I, 933. 
populifoliae, Ché top horus, I, 918. 
populifoliae, Clavigerus, I, 933. 
populi-globuli, Pemphigus, III, 226. 
populi-monilis, Pe toa sy IIT, 235. 
pe »puli-monilis, Thecabius, IIT, 235. 
populi -ramulorum, Pemphigus, IIT, 
populi-transversus, Pemphigus, II 1 22 
populi-venae, Pemphigus, III, — 
populneus, Thecabius, IIT, 23% 
potentillae, Capitophorus, til, 153. 
potentillae, Kakimia, III, 165. 
potentillae, Myzus, III, 165. 
Prociphilus, III, 229. 
producta, Thripsaphis, I, 910. 
pruni, Aphis, II, 473. 
pruni, Asiphonaphis, II, 455. 
prunifoliae, Aphis, II, 486, 416 
prunifoliae, 

483. 
pseudobrassicae, Aphis, II, 487. 
pseudobyrsa, Asiphum, III, 217. 
pseudobyrsa, Byrsocrypta, II I, 2] ; 
pseudobyrsa, Pemphigus, IIT, 
Pseudoepameibaphis, II, 477 
pseudosolani, Myzus, III, 206 
pseudotsugae, Cinara, I, 865, 8 
pseudotsugae, Lachnus, I, B68. 
pseudovalerianae, II, 434. 
ptarmicae, Microsiphum, 
Pterochlorus, 1, 843. 
Pterocomma, I, 927. 
pulchellus, Myzocallis, I, 894. 
pullus, Capitophorus, III, 155. 


II, 475. 


pulverulens, Amphicercidus, II, 371, 373. 


pulverulens, Aphis, II, 371. 

pulverulens, Cinara, I, 866. 

pulverulens, Lachnus, I, 866. 
Pulvius, 1, 926. 
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punctata, Callipterus, I, 890. 
punctata, Myzocallis, I, 890. 
purpurascens, Kakimia, III, 166. 
purpurascens, Nectarophora, III, 166. 
pyrt, Aphis, II, 438. 

pyri, Niy ypolachnus, I, 831. 


querci, Anoecia, I, 832, 833, 835. 
querci, Eriosoma, I, 833. 

querct, Phyllaphis, I, 885. 
quercicola, Phyllaphis, I, 885. 
quercicola, Stegophylla, I, 885. 
quercifoliae, Phy! faphiie, I, 886. 
quercifoliae, Stegophylla, I, 886. 
quercus, Aphis, I, 879. 


radicicola, Pemphigus, III, 240. 
radicicola, Trifidaphis, III, 240. 
rhamni Boyer, Aphis, II, 379. 
rhamni Kalt., Aphis, II, 398. 

rhois, Rhopalosiphum, IT, 488. 
Rhopalosiphum, II, 478. 

ribiella, Amphorophora, III, 140. 
ribiella, Macrosiphum, III, 140. 
ribiensis, Aphis, II, 435, 423. 

ribis, a ITI, 155. 

ribis, Capitophorus, IIT, 155. 
rileyi, Eriosoma, III, 212. 

rileyi, Eulachnus, I, 836. 

rileyi, Lachnus, I, 836. 

robiniae, Callipterus, I, 891. 
robiniae, Myzocallis, I, 891. 
roboris, Aphis, I, 875, 848, 877. 
roboris, Lachnus, I, 876, 843. 
rociadae, Aphis, II, 436. 

rosae, Aphis, III, 171. 

rosae, Lachnus, I, 877. 

rosae, Macrosiphum, III, 171. 
rosae, Nectarophora, III, 171. 
rosea, Anuraphis, II, 437. 

rosea, Aphis, II, 487. 

rosettei, Asiphum, III, 218. 

rubi, Amphorophora, III, 140. 

rubi, Aphis, III, 140. 

rubicola, Amphorophora, III, 141. 
rubicola, Aphis, I1, 438, 482. 
rubicola, Macrosiphum, III, 141. 
rubifolii, Cerosipha, II, 470, 439. 
rubifolii, Sipha, II, 470. 

rudbeckiae, Aphis, III, 193. 
rudbeckiae, Macrosiphum, III, 193. 
rufa, var. of oenotherae, Aphis, II, 424. 
rufomaculata, Aphis, I1, 489. 
rufomaculata, Rhopalosiphum, 
rumicis, Aphis, II, 439. 


II, 489. 


sabinae, Cinara, I, 867. 
sabinae, Lachnus, I, 867. 
ee Asiphum, III, 217 
saliceti, Aphis, II, 440. 
salicicola, Aphis, II, 441. 








254 Annals Entomological Society of America {|Vol. XXVII, 


salicicorticis, Periphyllus, I, 925. 
salicicorticis, Symydobius, I, 925 





saliciradicis, Fullawaya, I, 926, 931. 


salict is, » Aphis, I, 931. 

salic s, Clavige me :. Ci. 

saligna, Aphis, I, 878 

salignus, Lac a I, 878. 
Saltusaphis, I, 906. 

ee Aphis, IT, 442. 
sambuci, Aphis, II, 378, 442. 
sambuc ifol iae, — II, 441. 
sanborni, Aphis, 435. 
sanborni, es III, 194. 
Schizolachnus, I, 842. 

schranki, Macrosiphum, IIT, 195. 
schwarzii, Cinara, I, 868. 
schwarzii, Lachnus, I, 868. 
scirpifolii, Rhopalosiphum, II, 490. 
Scirpus, S: altusaphis, I, 906. 

sedi, Aphis, II, 401. 
senecio-radicis, Anuraphis, II, 442. 
senecio-radicis, Aphis, II, 442. 
sensoriata, Aphis, II, 443. 
serotinae, Rhopalosiphum, II, 491. 
setariae, Anoecia, I, 832, 834. 
setariae, Aphis, II, 444. 

setariae, Siphonophora, II, 444. 


shepherdiae, Capitophorus, III, 156. 


Shivaphis, I, 883. 

sibiricae, Cinara, I, 869. 
sthiricae, Lachnus, I, 869. 

similis, Lachnus, I, 859. 

Sipha, I, 915. 

Siphonatrophia, II, 492. 

smithiae, Chaitophorus, I, 934. 
smithiae, Clavigerus, I, 934. 
solanifolii, Macrosiphum, III, 195 
solanifolii, Siphonophora, IIT, 195. 
solania, Aphis, II, 379. 
solidaginifoliae, Aphis, II, 446. 
solitaria, Cinara, I, 870. 

solitaria, Lachnus, I, 870. 
sonchella, Macrosiphum, III, 195. 
sonchella, ee a, IIT, 196. 
sonchi, Amphorophora, III, 142. 
sonchi, Rhopalosiphum, IIT, 142. 
spinosus, Hamamelistes, III, 242. 
spiraecola, Aphis, IT, 447. 
spiraephila, Aphis, II, 448. 
splendens, Cinara, I, 871. 
splendens, Lachnus, I, 871. 
squamosa, Geoica, ITI, 239. 
stanleyi, Macrosiphum, III, 197. 
Stegophylla, I, 885. 

stellariae, Aphis, II, 460. 
stellariae, Brachycolus, II, 460. 
Stomaphis, I, 879. 

subviride, Macrosiphum, III, 199 
symphoricarpi, Aphis, II, 464, 407. 


symphoricarpi, Brevicoryne, II, 464. 


Svmydobius, I, 895 


takala, Dactynotus (Kakimia), III, 166. 

takala, Kakimia, III, 166. 

Tamalia, I, 883. 

taraxact, Aphis, III, 197. 

taraxaci, Macrosi iphum, III, 197. 

taxifoliae, Cinara, I, 872. 

taxtfoliae, Lachnus, I, 872. 

one » Mac rosiphum, IIT, 198. 

terminal Cc inara, I, 873. 

te oe Lachnus, I, 873. 

testudinatus, ee, I, 920. 

testudinatus, Phyllophorus, I, 920. 

testudo, Peri iphy llus, I, 920. 

Tetraneura, III, 214. 

tetrapteralis, Aphis, II, 449. 

Thargellia, II, 465 

Thecabius, III, 233. 

theobaldi, Aphis, II, 468. 

theobaldi, Cavariella, II, 468, 469 

thomasi, Kakimia, III, 160. 

thomasi, Myzus (Kakimia), III, 160. 

Thripsaphis, I, 909. 

tigwatensa, Amphorophora, III, 142. 

tiliae, Aphis, I, 891. 

tiliae, Myzocallis, I, 891 

tomentosus, Aphis, II, 842. 

Toxoptera, II, 494. 

torticauda, Bipersona, III, 143. 

torticauda, Aphis, III, 1438 

Trama, I, 880. 

tremulae, Aphis, III, 216. 

tremulae, Asiphum, III, 216. 

tridentatae, Chaitophorus, II, 472. 

tridentatae, Flabellomicrosiphum, II, 
472. 

tridentatae, Pseudoepameibaphis, II, 478 

Trifidaphis, III, 240. 

trifolii, Callipterus, I, 892. 

trifolii, Myzocallis, I, 892. 

tritici, Brachycolus, II, 461. 

troglodytes, Trama, I, 880. 

Tuberolachnus, 1, 879 

tulipae, Aphis, II, 450. 

Tullgrenia, 111, 240. 

tutigula, Dactynotus (Kakimia), III, 
167. 

tutigula, Kakimia, III, 167. 

T yc hea, III, 240. 








ulmi, Aphis, III, 214 
ulmi, Eriosoma, itt, 212 
ulmifolii, Callipterus, | 
ulmifolii, Myzocallis, I, 893. 
ulmifusus, Gobiashia, I . 
ulmifusus, a mphigus, III, 213. 
ulmisacculi, Tetraneura, III 
uml we nrseemndlgy avariella, II, 
urticae, Macrosiphum, III, 1 


vagabunda, Byrsocrypta, III, 220 
vagabunda, Mordvilko, III, 220. 





1934] 


valerianae, Aphis, II, 451, 434. 
valerianae, Macrosiphum, IIT, 199. 
valerianae, Nectarophora, III, 199. 
vandykei, Cinara, I, 874. 

vandykei, Lachnus, I, 874. 

varians, Aphis, IT, 452. 
venafuscus, Prociphilus, IIT. 232. 
verrucosa, Thripsaphis, I, 911. 
viurniana, Ceruraphis, II, 454. 
viburnicola, Ceruraphis, II, 454. 
viburnicola, Aphis, IT, 452. 
viburniphila, Aphis, II, 454. 
villosa, n. var. of apini, Cinara, I, 847. 
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vincae, Myzus, III, 202. 
viridi-rubra, Toxoptera, II, 495. 


wahinkae, Dactynotus, III, 168. 
wahinkae, Kakimia, III, 168. 
wasatchii, Capitophorus, III, 157. 
wasintae, Adactynus, III, 200. 
wasintae, Macrosiphum, IIT, 200. 
williamsi, Macrosiphum, IIT, 196. 


xanthii, Capitophorus, IIT, 158. 
xanthti, Siphocoryne, III, 158. 
xylostei, Aphis, II, 484. 


villosa, n. var. of apini, Cinara, I, 847. 
viminalis, Chaitophorus, I, 919, 


Aphis, II, 404. 


yuccae, 


NEW ENTOMOLOGICAL JOURNALS. 


Entomologists in the Americas will certainly be interested in the 
appearance of the new entomological journals in Europe which must 
be considered as presaging a new interest and activity on the part 
of the continental workers in this field. We have received from Dr. 
Walther Horn copies of two of these new journals and in a letter he 
states that another is to be issued, all of these taking the place of 
journals discontinued in 1928 and the establishment of which are due 
to the official union of his Entomologisches Institut and the Biologische 
Reichsanstalt. The three journals are the “‘Arbeiten tiber morpholog- 
ische und taxonomische Entomologie aus Berlin-Dahlem,” the ‘‘Arbeiten 
tuber physiologische und angewandte Entomologie aus Berlin-Dahlem”’, 
and the “‘Entomologische Beihefte aus Berlin-Dahlem’’. The parts 
issued are priced at R. M. 15. 

Almost simultaneously with the above we have received the first 
number of the ‘‘ Revue Francaise D’Entomologie,”’ published under the 
direction of Dr. R. Jeannel, Professor of the Muséum National 
D’Histoire Naturelle in Paris. This journal is to be issued quarterly 
with a subscription price of 50 francs in France and colonies and 60 
francs in other countries. 

The appearance of these journals evidently planned on a broad 
scale, the German journals including articles on a wide range of subjects 
and the French journals specifically inviting articles in English, German, 
Italian and Spanish, must, we believe, indicate a growing appreciation 
of the importance of entomological investigation in Europe. Along 
with the important contributions from Russia, China and Japan in 
recent years, so ably reviewed in the British Review of Applied 
Entomology, our science, which may be considered as having issued 
from the pupa stage a century ago when the Entomological Society of 
France and the Entomological Society of London began the publication 
of their great series of journals, gives evidence of renewed vitality. 

Furthermore, the fact that such eminent entomologists as Dr. Horn 
and Prof. Jeannel are assuming the laborious duty of editing and 
managing these journals is proof of the importance placed upon such 
publication.—HERBERT OSBORN. 








A HOMONYM OF A PLECOPTEROUS GENUS 


CHENFU F. Wu, 
Visiting Professor of Entomology, 


Cornell University 


In the year 1914 Prof. Fr. Klapalek created the new genus 
Adelungia (Adelungia Klapalek, Acta Soc. Ent. Bohem. NI, 
p. 67, 1914) in his key to the Subfamily Acroneuriinae of 
the Family Perlidae. In 1916 he published the description 
of the genus in German (Adelungia Klapalek, Acta Soc. Ent. 
Bohem. XIII, p. 57, 1916) and gave an English translation 
of it in the summary of the same paper (Adelungia Klapalek, 
Acta Soc. Ent. Bohem. XIII, p. 76, 1916). He also designated 
the species Adelungia caudata Klapalek (Klapalek, Acta Soc. 
Ent. Bohem. XIII, pp. 58 and 77, 1916) as the genotype. 

While working on a species catalogue of the Chinese in- 
sects the writer has noticed that the name Adelungia is pre- 
occupied by a genus which was created by Melichar in 1902 
(Adelungia Melichar, Ann. Mus. Zool. St. Petersb. VII, p. 
134, 1902) in the Subfamily Jassinae of the Family Jassidae. 
The writer therefore proposes the new name Claassenia 
for the homonym of the Plecopterous genus of Klapalek, 
with Claassenia caudata (Klapalek) as its genotype. This 
genus is herewith renamed in honor of Professor P. W. Claassen 
of the Department of Entomology, Cornell University, for 
his contributions to our knowledge of Plecopterology of North 
America. 
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CIRCULATION OF BLOOD IN WINGS AND WING PADS 
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It has been recognized for over a hundred years that blood 
(hemolymph) circulates within the insect body. One problem 
of circulation about which there yet seems to be a diversity 
of opinion is that of blood circulation in wing and elytron. 
This paper is a report of results obtained with a simple but 
effective method of studying the scheme of blood circulation 
in the elytra, wings and wing pads of the cockroach, Periplaneta 
americana. 


HISTORICAL 


Since the publication of a preliminary report (1933) giving details 
of the method of observation used in the present study, available 
literature on the subject has been collected. A brief survey of this 


should be of general entomological interest, especially in view of the 


prevalent opinion that insect wings and elytra are devoid of blood 
circulation. 

Henry Baker (1744) states that blood cells move through the 
vessels in the wings of grasshoppers, although he also says (ibid, p. 233) 
of insect wings generally, “for though no circulation can be discerned 
in them, it being probably extremely slow, we can scarce doubt that 
there must be continually a Supply of juices to the Quills, Hairs, or 
Bristles, wherewith they are armed or ornamented.”’ According to 
Verloren (1847), Ehrenberg and Hemprich (1826) observed blood cir- 
culation in the wings of a Mantis, Goring and Pritchard (1837) saw 
circulation in the elytra of Dyliscus and in the wings of Semblis bilineata, 
and Duges (1883S) reported circulation in the elytra of Lampyris 
splendidula. Kirby and Spence (1826), who themselves hesitate to 
admit the occurrence of wing circulation, state that a M. Charbrier 
held the opinion that insects are able to propel a fluid into and to 
withdraw it from their wing nervures as the wings become elevated 
or depressed. 

Of the early investigators, C. G. Carus appears to have been most 
prominently associated with the problem of insect wing circulation. 
He was an outstanding proponent of the contention that insects possess 
not only blood (hemolymph) but also a definite blood circulation. 
It seems (see Burmeister, p. 409) that at first he tended to the view 
that blood circulation occurs only in the immature insect but, later, 
was led by his own observations to conclude that circulation also 


On? 


a0i 








258 Annals Entomological Society of America |Vol. XXVII, 


occurs in the imago. Carus (1828) reports that he and various friends 
were able to detect circulation in the elytra or wings of Semblis viridis 
Fabr., some ephemerids, EFristalis apiformis (shortly after emergence 
Lampyris noctiluca, Lycus sanguineus, Melolontha Frichii, Dermestes 
lardarius, Chrysomella menthae, and some other beetles, but that Pro- 
fessor Gruithuisen of Munich had previously (1812) observed similar 
blood circulation in Grvllus viridissimus and other insects. Carus says 
that wing or elytral circulation can be observed not only in the recently 
emerged SS. viridis but, even under unfavorable conditions, for two or 
three days after emergence. In some insects elytral or wing circula- 
tion was not detected, and Carus believes that the suggestion of his 
friend, Dr. Theinemann, in general, was confirmed by observation: 
that blood circulation may occur in those insect wings and elytra in 
which the nervures anastamose but not in those wherein the nervures 
fail to form an anastamosis. In a later paper, Carus (1831) presents 
a review of preexisting literature on the subject of insect wing circula- 
tion and contests Gruithuisen’s claim to priority in the discovery of 
this phenomenon; he then records further observations on elytral and 
wing circulation in Semblis bilineata, Libellula depressa, Ephemera 
lutea, Ephemera marginata, Hemerobius chrysops, Lampyris italica, 
Lampyris splendidula, Melolontha substitialis and Dytiscus. From his 
observations, Carus formulates the rule that blood flows from the 
insect body in the outer or anterior margin and toward the body in 
the inner or posterior margin of elytron or wing, and reasons that the 
lateral body currents must pass posteriorly from the head. In Semblis 
bilineata, for example, he describes the blood to flow in a continuous 
marginal vein along the anterior (from the be dy), distal and posterior 
(toward the body) margins of the elytron and finds that the network 
of wing channels, all of which may contain blood currents, are con- 
nected with the marginal vein. Carus is apparently the first to record 
diagrams of elytral and wing circulation schemes. 

Wagner (1832, etc.) also investigated insect circulation but appears 
to have mainly continued the work begun by Carus, adding more 
details to the knowledge of the subject. Bowerbank (1836) records 
the scheme of wing circulation in Chrysops perla, in which the flow was 
found to be from the body into the anterior regions of the wing and 
to the body through a single channel located along the posterior wing 
margin. He also observed the blood to flow around the distal wing 
margin. He describes the blood in tracheated veins to be located in a 
space between tracheal and venous walls. Duvernoy (183%) admits 
that the blood of insects goes into the wing veins, which he considers 
to take the. place of capillaries, though he does not call them such. 

Although the occurrence of insect blood circulation had been 
established by the work of these and other observers, it was vigorously 
denied by M. Leon Dufour, who went so far as to assert the dorsal 
vessel of the insect to be not circulatory but glandular in nature. 
Dufour (1841) states, ‘‘I have scrupulously analysed and victoriously 
combatted, I believe, the specious assertions and contradictory words 
of M. Carus, who bases circulation, the double circulation of insects, 
upon currents of liquid, upon vessels without walls which he believes not 
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to qualify as arleries and veins.’”’ Dufour claimed in support of his 
opinion the views of Malpighi, Swammerdam, Lyonnet (all deceased 
at the time) and others. Verloren (1847) points out that M. Dufour’s 
claims were not justified by facts. After defending the illustrious 
deceased against these claims, Verloren states, ““M. Dufour is then 
the only savant who today refuses to admit a circulation in insects.” 
Part of Verloren’s polemic consists of a table in which he lists 90 
different species of insects, of various orders, in which blood circulation 
had been reported by 17 different authors; in 23 species, blood circula- 
tion in the elytra or wings had been reported by 9 different observers, 
Verloren himself detecting it in 6 different species. He states, ‘I 
have always observed circulation in the same manner as M. Carus 
has described it, only I have further observed, in the principal nervures 
of the wings of a Phryganea grandis, two lateral currents, the one 
entering and the other leaving.’”’ Verloren could see no reason why 
blood currents should flow to the extremities of insect appendages 
(feet, wings, antennae, etc.) unless made to do so by special pulsatile 
organs, such as described by Behn (1835) in the feet of several Hemi- 
ptera; and he says, “I believe I have observed analagous organs in 
the wings of some insects, but I can not advance this fact with great 
certainty.”” He considered these organs to be entirely responsible for 
appendage (including wing) circulation, believing the latter to cease 
when the pulsatile organ ceases to function. Nicolet (1847) describes 
blood flowing from the body of Coccinella bipunctata in the external 
elytral nervures and toward the body in the internal elytral nervures 
and from former to latter nervures via cross channels. Other ob- 
servers, such as Blanchard (1848) and Newport (1837), although not 
primarily concerned with the problem of wing circulation, appear to 
have accepted the occurrence of the latter as a result of the work of 
Carus and others. 

Thus, it is apparent that by the year 1850 not only had the occur- 
rence of insect blood circulation become well established but that 
blood circulation in the wings of a number of different species had 
already been described. 

Later, Moseley (1871), a travelling fellow of Oxford University, 
working under Ludwig at Leipzig, described the circulation of blood 
in the wings of the cockroach, Blatta orientalis. In general, he observed 
the blood to flow in the wing veins, between tracheal and venous walls. 
He found the blood currents to enter the wing in the anterior and 
posterior regions and to return to the body in the middle region of the 
wing. He was unable to detect the circulation scheme in the elytron. 
Moseley also studied wing circulation in other insects, such as Dyliscus 
marginalis, Hydrophilus piceus and Melolontha vulgaris. He found a 
pulsatile organ in the wing of M. vulgaris and also others in the hind 
wings of ‘‘some small hymenoptera”’ and considered these organs to 
aid in the production of wing circulation. 

More recently, Brocher (1929, etc.) has been the most active investi- 
gator of blood circulation in the insect wing. Brocher’s investigations 
have not been confined to wing circulation but have been directed 
toward problems of circulation in legs, antennae, body and heart, as 
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well as in various pulsatile organs, especially the mesotergal and meta- 
tergal organs. When not directly studying wing circulation, he implies 
or assumes its occurrence. Difficulties of observation were encountered 
in most of his studies on wing circulation so that only occasional move- 
ments of blood ceils in the wing channels could be observed (1916); 
later, he was able to observe by transmitted light a marked flow of 
blood in the elytral and wing channels of certain coccinellid beetles. 
He says (1929), “Finally, exceptional circumstance, in the coccinellid, 
the phenomenon of circulation of blood in the wings is not momentary 
as it is in the case of the other insects in which it has been determined 

it can continue and be observed in the same individual even for several 
consecutive days.” Further, with reference to Dytiscus (1929), “But, 
if in the latter insect, the circulation of the blood in the wing is more 
perfect, it is, on the contrary, very difficult to observe; I have been 
able to detect it only in some rare circumstances and during several 
minutes only.” In general, Brocher finds that blood from the body 
enters the anterior wing veins, passes from these through a network 
of channels to the posterior wing veins, from which it again enters the 
body; deviations from this generalized scheme occurring in specific 
instances. He (1917a) questions the accuracy of some of Moseley’s 
experiments on B. orientalis wing circulation. Brocher further asserts 
that the flow of blood in the wing channels is produced by an aspiratory 
action of the tergal pulsatile organ, through which the blood enters 
the dorsal vessel; indeed, he considers the heart itself to be an asp/ratory 
organ, sucking blood from the body channels or cavities where it is 
considered to be under a negative pressure. It appears that Brocher 
has done more research on insect blood circulation than any other 
investigator of recent years; for this reason, reference to several of his 
papers that have little direct bearing on wing circulation are included 
in the literature cited at the end of this paper. 

It is interesting that Brocher (1916) complains, “The observations 
made by the naturalists whom I have cited—Nicolet, Moseley, Bower- 
bank—-show that the phenomenon of blood circulation in the wings 
and elytra has already been determined in several insects. Various 
naturalists even yet, however, deny that there exists a blood circula- 
tion in these organs.”’ 

Few other papers dealing with elytral or wing circulation have 
been obtained from the more recent literature. Drenkelfort (1910) 
states that flowing blood can be clearly seen in the cubital vein of 
freshly molted Siphlurus lacustris imagos. Lehr (1914), though not 
concerned with blood circulation, describes blood in certain nervures 
of the elytron and wing of Dyliscus marginalis. Freudenstein (12S) 
assumes the presence of blood in the wing veins of the honey bee, but 
does not observe circulation, which he suggests may occur only during 
flight or to greatest extent then. Meyer (1931) in a study of blood 
circulation in some ephemerids, observed wing circulation to be an 
irregular pulsation, even in well-conditioned individuals. He con- 
siders wing circulation to occur due to the sucking action of a pulsating 
organ which he describes. 

Although the schematic details and the physiology of blood circula- 
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of elytral and wing circulation has already been described for a number 
tion in the elytra and wings of the insect require further elucidation, 
it may be concluded, from a survey of the literature, that the occurrence 
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wing circulation has been found described; the italicized references 
are from Verloren’s (1847) table, the others have been collected from 
subsequent literature by the authors. 


METHOD AND MATERIAL 

The details of the method of observation used here have already 
been described (1933). The method consists essentially of reflecting 
an intense beam of light from the glazed surface of kymograph paper 
upward through the normally disposed elytron or wing to the objective 
(low power) of an ordinary compound microscope through which the 
observations are made. The white paper rests upon a larger piece 
of dull black and the two are placed together between the elytron and 
wing or wing and dorsal body surface. By observing the wing area 
above the edge of the white paper, the movement of blood cells in 
the wing veins becomes distinctly visible against a partial dark field. 
Various areas can be thus observed. It is best to have the elytron or 
Wing in as nearly normal position as possible; in the case of the wing 
which, unlike the elytron, is folded once, the black and white papers 
should be placed together in the fold between the anterior (upper) 
and posterior (lower) portions of the wing to render circulation in the 
upper portion clearly visible. If normal circulation in the lower 
(posterior) part of the wing is to be observed, some slight manipulation 
of the folded wing combined with observation through the upper portion 
is necessary. Displacement of elytron or wing into an extended (flying) 
position tends to interfere with or even to inhibit normal wing circula- 
tion. A pin placed under the fore or hind wing will also reflect light 
forming a partial dark field. 

This method also renders the circulation scheme in the wing pads 
distinctly visible. 

An intense light beam can also be used to render visible the 
functioning heart and some of the attendant body blood streams, as 
well as the functioning imaginal mesotergal and metatergal pulsatile 
organs. The light should be cast to the dorsal surface of the nymph 
or imago from a slightly elevated position. 

For purposes of description, the wing-vein nomenclature employed 
by Snodgrass (1929) is employed. ‘To ensure clarity, corresponding 
terms of the more familiar Comstock-Needham (1918) system are 
occasionally given in parentheses. According to Snodgrass, the wing 
area proper is divisible into two main regions, the vannus, corresponding 
to the anal region of the C-N system and containing the vannal (anal) 
veins, and the remigium, comprising the costal, subcostal, radial, 
medial and cubital areas lying anterior (external) and distal to the 
vannal (anal) fold. The first anal (1A) vein of the C-N system is called 
the post-cubitus (Pcu) by Snodgrass,? who also finds the Pcu of the 


2Personal communication. The authors desire to acknowledge their apprecia- 
tion of the very helpful and constructive criticism of this work extended to them by 
Dr. Snodgrass. They also wish to thank Dr. W. H. Wellhouse, of this department, 
for calling their attention to Dr. Snodgrass’ wing-vein nomenclature and for other 
helpful suggestions. 
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hind wing of P. americana located just posteriorly (medially) to the 
1 Cuy branch of the cubitus and just anteriorly (laterally) to the vena 
dividens (Vd), the latter lying in the vannal fold. 

The insects used were large nymphs and imagos of Periplaneta 
americana Linn. The animals were obtained from Mississippi and 
Kansas. The descriptions to be given are based upon observations 
of well-fed, apparently normal individuals, kept in cages at room 
temperature. 


RESULTS 

Elytron.—The normal circulation scheme of the elytron is indicated 
in part by the arrows of Fig. 1, a2. By “normal” circulation is meant 
the scheme of blood flow that is usually observable in the normally 
disposed elytron of the normal well-conditioned imago, when the blood 
of the subcostal vein moves in a centrifugal (away from the body) 
direction. This usage of the terms “centrifugal” and “centripetal”’ 
(toward the body) is taken from Brocher’s work. The normal circula- 
tion scheme of the elytron, thus expressed in terms of the subcostal 
blood flow, may be described as follows: the blood flow in the sub- 
costal vein is normally centrifugal in direction, in which case the blood 
currents of the costal vein and of the proximal portions of the radial, 
medial and cubital veins are also centrifugal; while the currents in 
the distal portions of the radial, medial and cubital veins are for the 
most part centripetal in direction. In the radius, for example, the 
blood flows to about the point 1, Fig. 1, a, whereas the blood in the 
radius between the point / and the distal wing tip, 2, flows centripetally 
toward the point 7. At this point the centrifugal current appears to 
turn toward the posterior wing margin, as indicated by the arrow 
at 1 and to flow by many devious routes toward the distal region of 
the postcubitus (first anal), Fig. 1, a, Peu. Blood from the distal 
regions also flows toward the Pcu by many other cross channels. 

Circulation in the elytron anterior (external) to the radius R, is as 
follows: in the costa it is centrifugal to nearly the distal extremity, 2, 
of the wing; before reaching this point the main costal stream becomes 
smaller and slower and, at about 3, turns in the direction of the arrows, 
failing to actually flow around the most distal margin (tip), 2, of the 
elytron. In the subcosta, the flow is centrifugal to its distal termina- 
tion, 4. It exchanges blood with the costal stream by means of a 
network of channels (not shown in Fig. 1, a) in the area 5. The blood 
in the radius flows from the body and, in part, turns anteriorly into 
the first five or six branch veins; these streams flow to the anterior 
(lateral) elytral margin where each first receives blood from the costa 
and then joins with the costal stream. Hence, the flow is centrifugal 
in the proximal five or six radial branches but in the more distal branches 
the blood flows centripetally from the costa to the main trunk of the 
radius, much of the blood, however, flowing through cross veins toward 
the distal medial and cubital regions. 

In the media and first cubitus the blood flows from the body to 
about the points 6 and 7, respectively, giving rise in transit to small 
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Fic. 1. Free hand tracings of enlarged projections of right elytron (a) and 
right wing (b) of the cockroach, Periplaneta americana. The arrows indicate 
directions of blood flow. The costa (C), the subcosta (Sc), the radius (R), the 
radial branch (Rj), the radial sector (Rs), the media (M), the first cubitus (1 Cu), 
the cubital branch (1 Cuz), the post-cubitus (Pcu), the vena dividens (Vd) and the 
vannals (V) are indicated. See text for references to numbers. Main veins and 
their branches are represented by heavy unbroken lines, intermediate veins are 
indicated by broken lines and cross veins, excepting a few between radius and 
media, are not shown. In the elytron, the vannal vein (V) and succeeding seven or 
eight veins obviously join Pcu in its distal third; although others are represented 
as joining Pcu in its middle third, their junctions are not so obvious. 
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streams that pass through cross channels toward the postcubitus 
(first anal). The flow in the branches of the media and first cubitus 
lying distal to 6 and 7, respectively, is centripetal in direction, due to 
the fact that these distal regions receive blood via cross channels from 
the distal costal and radial streams. The centripetal streams of the 
media and cubitus all eventually flow through cross channels into the 
distal end of the postcubitus (first anal) and across the latter into the 
vannal (anal) veins. 

In the postcubitus itself the normal flow is considered to be centri- 
fugal, except at the distal extremity where the larger cross streams from 
the cubital region are received; with vigorous blood flow from remigium 
across the distal end of the Pcu into the vannus, a centripetal current 
may follow the Pcu proximally for a short distance before passing 
into the vannus. At the same time the middle third of the Pcu may 
contain a centrifugal blood flow, which also passes into the vannus. 
A considerable portion of this centrifugal blood stream appears to be 
derived by cross channels from the remigium; how much of it enters 
the Pcu at its basal origin was not determined. In the vannal veins 
the blood flows toward the body, the largest streams occurring in the 
six or eight vannals that join the postcubitus along the distal third of 
its length. No blood stream corresponding to that in the costa has 
been observed in the posterior elytral margins § and 9. 

It should be emphasized that this description of elytral circulation 
is expressed in terms of the direction of subcostal blood flow and that 
in the normal, well-conditioned imago the subcostal flow is usually 
though not invariably centrifugal. In general, when the subcostal 
flow is centripetal, the scheme of circulation is the same, except that 
the directions of flow are reversed. On the other hand, various dis- 
turbing factors may produce other changes in the circulation scheme. 
Extension of the elytron into the flying position will seriously alter or 
even entirely inhibit its circulation. Pressing the edge of the black 
paper (see Yeager and Hendrickson, 1933) too tightly under the base 
of the elytron at its body attachment may produce as great alterations 
of circulation. Reversal of heart beat may or may not be accompanied 
by reversal of elytral circulation. Body movements, as in struggling 
to escape from the observation block, always upset the normal circula- 
tion scheme and similar alterations can be produced at will by the 
application of pressure to the animal’s dorsal surface. 

The costa does not possess a conspicuous trachea; the blood inside 
it appears to lie freely within the vein walls. The radius, on the con- 
trary, is a conspicuously tracheated vein, in which the blood appears 
to be located between the tracheal and venous walls, especially ventral 
to the trachea. In general, the elytral blood appears to be always 
contained in definite channels. These may be the main veins, tending 
to run in the long axis of the elytron, the less conspicuous veins, here 
referred to as intermediate veins, lying between the branches of the 
main veins and extending in the same general directions as the latter and, 
finally, the many cross channels or cross veins, not shown in Fig. 1, 
that connect the main and intermediate veins. In no part of the 
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elytron have large blood sinuses been observed, nor has the blood 
been observed to flow as a single broad sheet of liquid enclosed between 
dorsal and ventral elytral membranes. The flow in the intermediate 
veins appears to be determined to a great degree by the numerous 
cross channels; hence, these cross currents may follow the intermediate 
veins for various distances in either direction before turning into other 
cross channels. 

The elytron presents not at all the appearance of a dried, non- 
living structure, but contains a considerable quantity of tissue and 
seenis to be as much alive as other portions of the insect’s body. 

Wing.—-The normal circulation scheme of the wing is indicated 
in part by the arrows of Fig. 1, 6. “Normal” circulation is expressed 
in terms of blood flow in the R,; branch of the radius and may be de- 
scribed as follows: the blood flow in R,; is normally centrifugal in 
direction, in which case the blood currents of the costa and subcosta 
and of the proximal portions of the radius (Rs), media and cubitus are 
also centrifugal; while the currents in the distal portions of the radius 
(Rs), media and cubitus are for the most part centripetal in direction. 
In general, the normal circulation scheme in the remigium of the 
normally folded, unextended wing is similar to that of the corresponding 
area of the elytron, the blood from the distal costal, radial, medial and 
cubital regions reaching the vannal (anal) veins via cross channels 
(not shown in Fig. 1, 6) that connect the main and intermediate veins. 
In the veins 1 Cue and Pcu the blood streams are centripetal in direction. 
A considerable part of the blood in each of these veins leaves the vein 
before reaching its proximal end and passes vannally through cross 
channels; how much of the blood actually reaches the basalar origin 
of each vein was not determined. The vena dividens (Vd) is less 
pigmented than the other veins and, at first, may appear to contain 
no blood; it can, however, contain a centripetal blood flow, usually 
less vigorous than that in 1 Cug or Pcu. In the vannal (anal) veins, 
the blood flows centripetally, especially in the proximal regions; in 
the distal extremities of the vannals, blood flow may be slight or even 
negligible, depending upon blood volume. In the costa the blood 
flows to nearly the distal tip of the wing but does not flow around the 
margin of the tip itself; no blood flow, corresponding to that in the 
costa, has been observed along the posterior wing margins, 11 and 12 
(Fig. 1, 0). 

In general, when the R, flow is centrifugal, the circulation scheme 
is that just described; when the R, flow is centripetal the scheme of 
circulation may be the same, except that the directions of blood flow 
become reversed. As 1n the elytron, however, this scheme of circulation 
may be disrupted by such factors as extension of the wing into the 
flying position, constriction at the base by undue pressure of the black 
paper or changes in the internal body pressure of the animal (strug- 
gling). Reversal of heart beat may or may not be accompanied by 
reversal of wing circulation. 

Elytral and wing pads——The “normal” circulation scheme in the 
elytral and wing pads of the normal, well-conditioned nymph of large 
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size may be expressed in terms of subcostal blood flow, as follows: 
normally blood flows centrifugally in the subcostal and also in the 
costal, radial, medial and cubital (first anal) veins. Contrary to the 
condition in elytron and wing, all of the vannal (anal) currents seem to 
be centrifugal and the costal current does flow around the margin of 
the wing pad tip. These currents are centrifugal with reference to 
the proximal attachments of the wing pad to the anterior and middle 
portions of the tergum. Cross currents begin to leave these main 
centrifugal streams near the base of the pad and continue to do so all 
the way to the tip. These cross streams, the continuation of the 
costal current and the vannal (anal) streams all become centripetal 
with reference to the attachment of the vannal portion of the pad to 
the posterior portion of the tergum. They flow into the posterior 
region of the tergum where they unite to form one or more streams 
passing toward the mid-dorsal line. At least one of these streams 
turns anteriorly to enter the heart at the mid-dorsal line, as does a 
corresponding current from the opposite side. 

This scheme of normal circulation appears to be essentially the 
same for both elytral and wing pads. In both, modifications of circula- 
tion may be produced by such factors as changes in internal body 
pressure and constriction at the wing pad base. Reversal of heart 
beat may or may not be associated with reversal of pad circulation. 

Pulsatile organs —The mesotergal and metatergal pulsatile organs 
can be readily observed in the imago; they receive blood in part, at 
least, from the elytra and wings, respectively, and pass it on to the 
interior of the heart. During reversal of heart beat, blood has been 
observed to flow from the heart through the region of the pulsatile 
organ on toward the wing. In the nymph, on the contrary, similar 
organs have not been clearly detected. 

Reversal of heart beat——Reversal of the direction of blood flow 
in the heart has been noted in a number of individuals, especially in 
the imago. This reversal is sometimes, though not always, associated 
with reversal of flow in the elytra and wings. It has been noted, further, 
that reversal of elytral or wing circulation, separately or together, 
may occur without an accompanying reversal of blood flow in the heart. 

At times, the circulation in one elytron or wing is reversed, while 
that in the contralateral structure is normal in direction; such a con- 
dition may be associated with the flow of blood in part, at least, from 
one wing or elytron, along the posterior tergal margin past the position 
of the pulsatile organ to the other side of the animal and into the con- 
tralateral elytron or wing that itself displays reversal of circulation. 

Blood cells——The blood cells are numerous, thus facilitating the 
detection of circulation. The cells appear spherical, as circular discs 
and as fusiform or ovoid discs. Usually they are transported singly 
by the plasma, even when they become crowded in the blood channel, 
although occasionally they may appear to clump together and to be 
transported as small groups of cells. Individual cells may be observed 
at times to stop circulating and apparently adhere, for varying time 
intervals, to the sides of the blood channels; or many cells may 
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simultaneously and temporarily cease to circulate in a given blood 
channel, especially one in which circulation is sluggish. When a 
region of the wing or elytron is injured, as by puncture with a needle 
or section with scissors, the blood cells nearest the injury stop circulat- 
ing and other cells are deposited with them by the flowing plasma. 
In this way, the injured region becomes isolated from the circulating 
blood which continues to flow in adjacent channels. 

Circulation in other species—Blood circulation in the elytra and 
wings of the cockroaches, B. orientalis, P. fuliginosa and B. germanica 
has also been detected. In these species, the schemes of wing circula- 
tion appear to conform in general to that given here for the elytra and 
wings of P. americana. 


DISCUSSION 

It is believed that the method of observation used in this work is 
better than that involving the use of only transmitted light, in that 
it makes clearly detectable the details of blood circulation, many of 
which are not definitely apparent by transmitted light alone. The 
successful use of the method depends upon several precautions among 
which should be mentioned again the employment of a strong beam of 
light and a partial dark field. From a survey of the available literature 
on the subject, the impression is gained that Carus has more successfully 
observed elytral and wing circulation in a greater number of insects 
than any other single investigator. His method of observation was 
to fasten the insect upon its back, with elytra or wings extended, 
on a glass plate, so that the ventral surface of the appendage lies upper- 
most; moreover, it is not improbable that he used a beam of sunlight 
as a means of illumination. 

Some of the authors mentioned state that the blood in the nervures 
moves in a pulsating fashion. ‘This type of blood flow has often been 
observed in P. americana elytra, wings and wing pads, but usually 
only when the animal is not properly placed in the depression of the 
observation block or is loosely held by the pieces of black paper; under 
such conditions, some degree of body movement tends to occur and to 
produce an irregular, pulsating flow of blood in the blood channels. 
If, on the contrary, the well-conditioned animal is arranged so that it 
remains quietly in place, the flow of blood through the blood channels 
is usually vigorous, continuous and surprisingly constant in rate. 

From the results it is apparent that blood circulation normally 
occurs in all the blood channels of both elytra and wings, excepting a 
small area at the distal extremity of each. The elytral and wing 
circulation schemes described here are in accordance with Carus’ 
(1831) rule that centrifugal blood currents occur in the lateral or 
anterior portions of the elytron or wing, while centripetal currents 
occur in the medial or posterior parts. It is also apparent that the 
normal circulation scheme may be readily altered by any of several 
disturbing factors, a fact that in part, at least, may account for some 
differences of opinion found in the literature. It is of interest also that 
an increase of body pressure, such as occurs in the animal during 
struggles to escape or as is produced by pressing on the dorsal abdominal 
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surface, is accompanied by an acceleration of wing or elytral blood 
flow in the normal directions but is followed by a temporary flow 
in a direction opposite to the normal. This would seem to indicate 
that the centrifugal blood channels are more directly continuous with 
the lateral body blood currents than are the centripetal blood channels, 
the currents of which are known to partially, at least, enter the heart 
via the tergal pulsatile organs. 

It is of interest that reversal of heart beat and reversal of the 
direction of blood flow in the heart is to be found frequently in the 
adult, as well as large nymph, of P. americana. The fact that reversal 
of heart beat and reversal of elytral or wing circulation are not always 
associated is not surprising in view of the fact that elytral and wing 
circulations are considered to be produced in part, at least, by the 
action of pulsatile organs. The facts that normal elytral or wing 
circulation may be accelerated by intrathoracic pressure changes and 
that prolonged reversal of elytral or wing circulation may occur natur- 
ally would seem to indicate that, contrary to the view expressed by 
Verloren (1847), the tergal pulsatile organs are not exclusive causes 
of circulation in these appendages, as more recently admitted by Brocher 
(1916). Whether, as Brocher asserts, the tergal pulsatile organs 
aspirate the blood through the elytral and wing channels is a question 
beyond the scope of this paper. 

From the description of what the authors consider to be normal 
elytra and wing circulation in P. americana it is obvious that, in general, 
blood from the body enters the remigium and that the blood returns 
to the body from the vannus. It is of interest that these morpho- 
logically different areas of elytron and wing differ functionally not 
only as regards flight (see Snodgrass, 1929) but also as regards blood 
circulation. 

Observation of circulating blood cells confirms the previous observa- 
tions of Bowerbank (1836), Moseley (1871) and others that, at times, 
individual blood cells adhere to the channel walls and temporarily 
cease to circulate. If this should hold for all other blood channels 
as well, it would mean that a certain per cent of blood cells, available 
for circulation, would normally be removed from the circulating plasma. 
If this percent were sufficiently large and variable, it would have the 
effect of rendering the animal’s total blood cell count variable. Even 
if this percent were constant, a total blood cell count would represent 
not the number of available blood cells but only the number actually 
in circulation at the time of the count. The apparent irregularity of 
this occurrence suggests that the percent of such non-circulating cells 
is probably quite variable, tending to render cell counts unsteady. 
The large error of the cell dilution method (Yeager and Tauber, 1932) 
of determining the total blood volume of the roach may be due in part 
to this factor. 


CONCLUSIONS 


1. A simple but effective method of observing blood circu- 
lation in the elytra, wings and wing pads of the roach, P. 
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americana, has been described (see preliminary report for 
details). 

2. This method can be used with other insects. 

_ 3. In the normally disposed elytron blood flows centrifu- 
gally in the costa, subcosta and proximal portions of the radius, 
media and cubitus; it flows centripetally in the distal regions 
of the radius, media, cubitus and in the vannal (anal) veins. 

1. In the normally disposed wing, the scheme of blood 
circulation is essentially the same as in the elytron, except 
that centripetal currents occur in 1 Cus, Peu and Vd. 

5. In the elytral and wing pads, blood flows centrifugally 
in all of the main veins, including the vannals (anals); these 
streams turn medially and become centripetal with respect 
to the posterior border of the tergum, from which part, at 
least, of the blood enters the heart. 

6. The costal streams in elytron and wing appear not 
to flow around the margin of the tip or to flow as marginal 
streams along the posterior (medial) elytral or wing margins. 
In the pad of elytron or wing, on the contrary, the costal 
stream flows around the margin of the pad tip and along the 
posterior (medial) margin of the pad to where it attaches to 
the tergum. 

7. Variations in elytral, wing or pad circulation may 
occur due to various factors mentioned in the text. 

8. In the elytron, wing and pad, the blood flows in all 
areas through definite blood channels, i.e., the main veins and 
their branches, the ‘‘intermediate’’ veins and the cross veins. 

9. Part, at least, of the blood from elytra and wings passes 
along the posterior tergal margins and into the heart cavity 
through the mesotergal and metatergal pulsatile organs, 
respectively. 

10. Reversal of circulation may occur in elytra, wings and 
pads. 

11. Reversal of heart beat and of blood flow in the heart 
has been noted in many individuals, especially imagos. ‘This 
may bear no constant relationship to reversal of elytral, wing 
or pad circulation. 

12. At times circulating blood cells appear to cease cir- 
culating and to adhere to the channel surfaces; this would 
tend to produce a variability in the animal’s blood cell count. 
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VESTIGIAL WINGS IN DIACAMMA 
(Hymenoptera: Formicidae) 


GEORGE S. TULLOCH, 
Brooklyn College, Brooklyn, New York 


The genus Diacamma includes thirteen or more species of 
Ponerine ants which are geographically confined to India, 
Ceylon, southern China, the Malay Archipelago, New Guinea 
and the northern portion of Australia. Most of the species 
have large black or bronzy workers and pale yellow or reddish 
yellow males. The workers have a pair of spines on the pedicel 
directed backward and an oval cavity in the pleural region 
between the first and second thoracic spiracles. Emery mono- 
graphed this genus in 1897 and it was an examination of his 
paper which prompted further investigation by the writer. 

There is illustrated on the plate accompanying Emery’s 
(1897) paper a portion of the thorax of a worker of Diacamma 
rugosum. In his explanation of this plate, he designated a 
peculiar circular ridged structure in the anterior portion of 
the pleural cavity as the first spiracle, viz., the mesothoracic 
spiracle. The writer’s investigation has shown that Emery 
was mistaken in this interpretation. More important, how- 
ever, is the fact that during this study a phenomenon hitherto 
unknown among the ants has been revealed. 

At first glance, the so-called “‘spiracle’’ designated by Emery 
does resemble a spiracular opening in some respects. Upon 
closer examination it is found that this ‘“‘spiracle’’ has no 
tracheal connection opening through the body wall, thus 
disproving Emery’s assumption. Upon dissecting a large 
number of individuals, the true mesothoracic spiracle was 
found to be in the normal position in the membranous intra- 
segmental region between the pro- and mesothorax and covered 
by a lobe of the pronotum. 

As structures present in an organism are usually of some 
significance at some time, an explanation for the presence of 
this so-called ‘‘spiracle’’ was sought. Practically all the 
described species and varieties! were available for study and 


1The writer wishes to thank Professor William M. Wheeler, of Harvard 
University, for his kind permission to examine the species of Diacamma present in 
his collection of ants. 
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in these this ‘‘spiracle’’ appeared without exception; yet, no 
indication as to its function became evident. Since the im- 
mature stages of holometabolous insects often offer some 
evidence as to the possible function of an apparently function- 
less structure appearing in the adult insect, an examination 
of various pupal stages was made. This examination revealed 
the presence of vestigial wings attached to the ‘‘spiracles’’ of 
Emery. Further examination of adult workers revealed two 
individuals in which these vestigial wings were present neatly 
fitted into the pleural cavity. The general absence of the 
vestigial wings in the adult workers is readily explained by the 
facts that being of a fragile nature, they would be broken off 
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Fic. 1. Lateral view of thorax of Diacamma australe worker. 
Fic. 2. Dorsal view of thorax of a mature pupa of D. australe worker 
showing vestigial wings. 


MSN—mesonotum. VA—vestigial wing articulation. 
PN—pronotum. VW—vestigial wing. 


easily in the emergence from the cocoon, or during the mutual 
stroking of their bodies with the antennae, to which the ants 
devote so much of their time. 

The structure of these vestigial wings is similar to a flat- 
tened hollow sac, the upper surface of which is sclerotized and 
the lower surface membranous. In the early pupal stages a 
tracheal tube passes from the thorax to the wing. The worker, 
when it emerges from the cocoon, is of light color and its body 
wall soft. Evidently these vestigial wings usually are broken 
off shortly after or during the emergence from the cocoon, 
and the point where they were attached to the body wall 
remains as a minute opening exposing the tissue below. As 
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the worker becomes older, the color becomes darker, the 
integument hard and the opening where the wings were attached 
becomes filled with chitin secreted by the underlying hypo- 
dermis. The circular ridged structure remaining, here desig- 
nated as the vestigial wing articulation, is what Emery called 
the ‘‘spiracle.”’ During the pupal stage, the vestigial wings 
are of the same color as the body wall varying from white in 
the earlier periods to yellow or brown in the later periods. 
In the adult worker, they are white or light yellow in striking 
contrast to the dark body wall. 

The thorax of D. australe (Fig. 1) is similar to some of the 
other Ponerinae except for the presence of the pleural cavity 
(PC, Fig. 1). The vestigial wing articulation (VA) is clearly 
visible. If the pronotum is removed, the first spiracle is found 
in the membranous region between the pro- and mesothorax. 
The second thoracic spiracle is situated at the posterior region 
of the pleural cavity and is covered by a lobe, probably the 
remains of the epimeron. The vestigial wings (VW) of a 
mature pupa are represented in Figure 2. They usually are 
extended outwardly from the body wall during the pupal 
stage, but in the adult they are fitted neatly into the pleural 
cavity. 

Normally the workers of ants do not possess wings, yet the 
investigations of Dewitz (1878) have shown that they once 
possessed wings like the true females. He found that the 
mature larvae of workers possess well developed imaginal 
disks like those which, in the males and females, develop into 
wings. In the worker larvae these disks generally become 
atrophied and disappear during the pupal stage. Occasionally 
these disks develop producing certain abnormal, winged indi- 
viduals known as pterergates. This study by the writer has 
revealed that in the entire genus Diacamma the imaginal 
disks develop normally to a certain degree resulting in the 
formation of vestigial wings which persist until after emergence 
from the pupal case. 

Diacamma is one of the few genera of ants in which 
myrmecologists have failed to find any form corresponding to 
the winged fertile female or queen of other ants. The repeated 
failures of many collectors to obtain this form led Emery 
(1911) to conclude that, ‘‘we must suppose that the female 
Diacamma resembles the workers so closely as to be confused 
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with it.’”” Later Wheeler, after examining dozens of nests of 
these ants in Northern Queensland and not finding any of the 
desired queens, concluded (1915) that, ‘‘as I failed to find any 
differentiated queen and as all the pupae were of the same 
size, I feel confident that in Diacamma the egg-laying function 
must be usurped by one or more fertile workers during the 
breeding season.’’ In 1922 Wheeler and Chapman reported 
a case in which a male of D. geometricum was found copulating 
with a worker. A portion of their account follows: ‘‘Ex- 
ternally the worker found in copula differs neither in size nor 
structure from any of her sisters. * * * Dissection of a 
number of Diacamma workers and especially of the mating 
worker supports the inference that only one individual assumes 
the reproductive function at a time. Unfortunately the 
material had been in rather weak alcohol for several months 
and the very hard chitinous integument had prevented pene- 
tration, so that the internal organs were considerably de- 
composed. In many of the workers, of which more than 20, 
belonging to three colonies, were dissected, no ovaries could 
be detected. In one, however, two ovarioles were clearly 
seen, * * *. Such undeveloped ovaries were probably present 
in all the specimens but could not be detected on account of 
defective preservation. * * * Fortunately the mating worker 
was in a somewhat better state of preservation. The ovaries 
were found very far forward in the large first gastric segment 
and applied to the sides of the crop. There were five ovarioles 
in each ovary, * * *.’’ This evidence strongly indicates that 
only one individual of the colony assumes the reproductive 
function at a time. 

The entire absence of the usual winged female and the 
presence of vestigial wings among all the workers suggests the 
possibility that a general suppression of the female phase has 
resulted in the production of a group of individual in which 
the usual differentiation into the fertile winged and sterile 
wingless castes has failed to take place. If such has been the 
case, it is highly probable that all the workers are fertile and 
able to carry on the reproductive activities of the colony. 
The evidence given by Wheeler and Chapman would appear 
to indicate that only one individual was selected to carry on 
these activities at a time. 
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CHARLES ee 5 DIARY THE VOYAGE OF H. \ ‘‘BEAGLE,”’ 
edited from the MS. by ‘ion BARLOW. Pages i-xxx a 1443, a portrait 
and two maps. Published at the University Press, Cambridge. (The 
MacMillan Company, New York.) Price, $6.50. 

Written during the years 1831 to 1836 the first edition appeared in 1839 and 
the second in 1845. Bot! 1 were suvtsod ter Darwin himself. In the earlier editions 
one-third of the diary was deleted to give space to comments and correlated 
scientific observations. This, the third edition, is printed without deletions 
or changes except a few in punctuation. It is the eo publication of the complete 
journal. The first thirty pages of this volume by the Editor, Mrs. Nora Barlow, 
Darwin’s granddaughter, give the circumstances of Tereie's education, tendencies 

thought, selection as Naturalist and notes on the persons with whom he was 
sociated in the undertaking. 

He started the four-year voyage with his main interest in geology, especially 
laeontology. The first volume of Lyell’s Geology had just appeared and the 
ond volume reached Darwin in Brazil. Lyell was the first to emphasize the 
storical value of fossils. Darwin’ s second interest was the collection of 

natural history specimens, both plants and animals. In the later years of the 

voyage he became much interested in the geographical distribution of species 
esper tally after his visits to the Galapagos Islands. 

Being Naturalist, he was invited to live in Captain Robert Fitzroy’s cabin. 

The latter was a brilliant man, a scientist interested in meteorology and ocean- 
ography but a rabid fundamentalist. Apparently the voyage was a matter of 
four years of argument, as much as was discreet between a guest and the Captain 
of a war vessel. Darwin became keenly interested in the problems raised by the 
great number of fossils in the South American beds and the curious distribution of 
animals and plants in the Southern Hemisphere, even suggesting facetiously 
p. 383) that there may have been two Creators. Captain FitzRoy believed 
he Bible was scientifically correct. In this controversial atmosphere Darwin 
began the orderly arrangement of the facts supporting a theory of the trans- 
mutation of species, the explanation of which he was to give later in his theory 
of the origin of species by natural selection. 

Darwin lives again in the pages of the diary. We find him a solemn and very 

earnest young man who spent four years at very hard work. A walk of twenty-five 

miles in a day or a horse-back ride of one hundred miles a day, living on the 
country, was mere routine. A university graduate, English country gentleman, 
and one who planned a quiet life in the Church of England, he jots down to the 
very end of the diary his astonishment that human beings could live as they do 
in these other parts of the world. Speaking of the convict settlements of Australia 
he writes, ‘‘The tone of society with such habits and without intellectual 
pursuits, can hardly fail to deteriorate and become like that of the people 
of the United States.’”’ (This for our great-grandfathers.) The diary is fasci- 
nating from beginning to end as the reader never knows what curious fact will 
appear in the next sentence or in what manner it will be commented upon. 

The ‘‘Voyage of the Beagle’’ is one of the foundation stones in any education 
in biology. As such we insist that all of our graduate students read it. Those 
who have not followed this keen young man around the world in the eighteen- 
thirties have missed several evenings of delightful reading.—C. H. K. 








THE ORIGIN AND DIFFERENTIATION OF THE SEX 
ORGANS OF TRIBOLIUM CONFUSUM DUVAL 


A. C. Hopson, 


Department of Zoology and Division of Entomology and Economic Zoology, 
University of Minnesota 


The flour beetle, Tribolium confusum Duval, has been used 
extensively as a test animal for experimental work in autecology. 
Because of the ease with which the insect may be handled, 
many of its physiological and ecological peculiarities have been 
exposed. Among the recent investigations is one carried on 
by Holdaway (1930). In the course of this study he decided 
that he was able to control the sex ratio of Tribolinm by a 
manipulation of the relative humidity and nutrition. The 
development of the sex organs is intimately connected with 
these experiments and thus a study of their embryonic history 
was suggested by Professor W. A. Riley. Such a study has 
been made to serve as a basis for a further investigation of the 
possibility of a transitional sexual condition. 

The development of the other organ systems will not be 
discussed in detail and only those features which are necessary 
for orientation will be described. Particular emphasis will be 
placed upon the origin of the sex cells and the differentiation 
of the male and female sex organs.! 


HISTORICAL SUMMARY 


Origin of the Germ-Cells.—A survey of the literature on this 
subject discloses the fact that the germ-cells of insects do not 
make their appearance at the same time in all species. One 
group of students has found that the germ-cells are already 
differentiated at the time of the formation of the blastoderm 
and are represented by the so-called pole-cells. Another 
group has concluded that the germ-cells originate either as 
differential mesodermal cells from the wall of the coelom or 
from mesodermal cells before the formation of the coelom. 

Those who have observed an early separation of the somatic 


and germ-cells all report a very similar phenomenon from 
1It is a pleasure at this time to acknowledge the interest of Professor W. A. 
Riley in this problem and to thank him for its suggestion. Mrs. Grace Friedlund 
deserves the credit for most of the drawings included, 
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several orders of insects. Metschnikow (1865) and Leuckart 
(1865) who studied Cecidomyia and Miastor respectively were 
the first to recognize the significance of the large pole-cells 
which had been reported earlier by Robin (1862) as “globules 
polaires’’ and by Weismann (1863) as ‘‘Polzellen.’’ In addition 
to these workers, Balbiani (1882, 1885), Graber (1889), Ritter 
(1890), Escherick (1900), Noack (1901), and Huettner (1923) 
have observed the appearance of pole-cells in Diptera; Lecaillon 
(1898), Friedricks (1906), Hegner (1909) and Brauer (1923) 
were able to distinguish sex-cells at the time of blastoderm 
formation in Coleoptera; Witlaczil (1884) and Will (1888) 
report a similar condition in Homoptera; furthermore, Silvestri 
(1908), Hegner (1914), Gatenby (1917, 1918) and Henschen 
(1928) discovered an early separation of germ and somatic 
cells in certain Hymenoptera. 

The embryologists of another group have not been able to 
distinguish the germ-cells as early, but they have been able 
to recognize them about the time of gastrulation, before seg- 
mentation has begun. Woodworth (1889), Heymons (1895, 
1897) and Shinji (1919) have observed the separation of the 
germ-cells at the posterior end of the embryo in different 
groups of insects. 

In some insects the sex-cells can be distinguished only 
after the segmentation of the embryo has commenced. Such 
a condition has been reported from various orders by Ayers 
(1883), Graber (1891), Wheeler (1889, 1893), Heider (1889), 
Carriere and Burger (1897), Strindberg (1913), Seidel (1924), 
and Noskiewicz and Poluszynski (1928). 

Saling (1907) considered that the germ glands of Tenebrio 
molitor had their origin in two groups of cells which appeared 
near the seventh abdominal segment. He concluded that the 
germ-cells could not be recognized with surety until the coelomic 
sacs were formed in every segment except the eleventh. This 
species is closely related to Tribolium and in many respects 
the course of their embryonic development is identical. How- 
ever, there seems to be a difference in the differentiation of 
the germ-cells which will be noticed later. 

Differentiation of Male and Female Sex Organs.—lIn Lepi- 
doptera the male germ gland has been distinguished from that 
of the female during the late embryonic period by Herold 
(1815), Suckow (1828), and Bessels (1867). Balbiani (1885) 
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could recognize the testes and ovaries of Chironomus at the 
end of embryonic life but Ritter (1890) failed to observe 
any differentiation until the larvae had hatched. Heymons 
(1891-95), Wheeler (1893) and Nelsen (1931) have been able to 
recognize the sexes of Orthoptera during the period of embryo 
revolution. Heymons (1895) states that in Forficula auricu- 
laria the sexes were differentiated during embryonic life and 
the same author (1897) found a like condition in his study of 
Lepisma saccharina. A differentiation of the male and female 
sex organs during the course of embryonic development has 
also been observed in Coleoptera by Saling (1907) and Hegner 
(1909) and in Hymenoptera by Henschen (1928). 


MATERIALS AND METHODS. 


The adults of Tribolium confusum Duval can be found in flour 
mills and granaries where they are often important economic pests. 
Sexually mature adults were placed in 500 c.c. beakers which con- 
tained about 200 grams of whole wheat flour. This flour had previously 
been sifted through a sieve of silk bolting cloth having a mesh of about 
74 to the linear inch. When eggs were desired it was necessary to 
separate the beetles with an ordinary wire tea strainer and then sift 
the flour again through number (4) bolting cloth. The eggs will not 
pass through the mesh of such a sieve and in this way eggs may be 
obtained free from all flour except that which adheres to the chorion. 

At all times it was desirable to known the approximate age of the 
eggs, and such an estimation was made in the following manner: 
The beetles were removed and the flour was sifted to eliminate any 
eggs which might have been present. As it had been found experi- 
mentally that the adults do not oviposit for about fifteen minutes 
after being disturbed, it was necessary to wait for about one half hour 
after the first sifting and then eggs no more than fifteen minutes old 
could be secured. All of the eggs were incubated at a temperature 
of 30°C. At this temperature the average incubation period is about 
four and one half days. For the sake of convenience all stages of 
development were considered according to their age as expressed in 
hours. 

The eggs were killed in hot water, the chorion was punctured with 
a small needle and then they were placed in the fixative. Several 
fixing fluids were tried and Petrunkowitch’s modification of Gilson’s 
mixture was the most satisfactory. After remaining in this fluid 
for two hours the eggs were washed in 70 percent alcohol for five hours 
and then stained over night in borax carmine. They were then de- 
stained in acidified 70 percent alcohol until the germ band or the 
developing embryo was easily distinguishable. After dehydration 
and clearing was accomplished the eggs were placed in a watch glass 
which contained a mixture of xylol and paraffin. This mixture was 
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left in an incubator or under an ordinary desk lamp until the xylol 
had evaporated. The remaining paraffin was replaced with fresh 
paraffin having a melting point of 56°C. 

The eggs were oriented in a small porcelain paint dish with a hot 
needle and serial sections were cut 4yu thick when conditions were 
favorable. Heidenhain’s iron haematoxylin was found to be the most 
satisfactory nuclear stain and it was used with Orange G as a counter 
stain. The latter stain has a special affinity for the sex cells and is 
very valuable for this work. 


DEVELOPMENT OF THE EMBRYO UNTIL THE GERM AND 
SOMATIC CELLS HAVE BECOME DIFFERENTIATED 


Formation of the Plastula——In the youngest egg which I was able 
to secure the zygote had already divided to form eight cleavage nuclei. 
Cell division continues rapidly and the nuclei with their star-shaped 
masses of protoplasm migrate toward the periphery of the egg. The 
movement of the cleavage nuclei from the center of the egg is not 
alike in all directions; those toward the posterior end of the egg ap- 
parently move faster and reach the periphery first. At the end of 
eight hours the blastoderm is formed as a loose network of cells which 
completely surrounds the yolk. At this time the cleavage nuclei still 
possess their star-shaped mass of cytoplasm and have the same appear- 
ance as the vitellophags which remain amidst the globules of yolk. 
Soon, however, the cells of the newly-formed blastoderm begin to lose 
their individuality. They become crowded together until the blasto- 
derm assumes the appearance of a sheathlike syncytium. At the 
end of twelve hours the blastoderm is completely formed and is 
represented by a uniform wail of cells, one cell deep, which surrounds 
the yolk and approximates the delicate vitelline membrane. At no 
time was it possible to distinguish a “‘pole-disc”’ such as that discussed 
by Hegner (1909). 

Gastrulation and the Formation of Germ Layers.—-The first evidence 
of the development of a ventral germ band is a lateroventral thickening 
of the walls of the blastula. The cells of the thickened lateral plates 
are highly columnar and have very little cytoplasm at their inner 
extremities. The laterodorsal limits of the plates mark the position 
of the rudiments of the amnioserosal folds. At this time the cells 
which form the dorsal wall of the blastula gradually become smaller 
until finally they present the appearance of a string of beads when 
viewed in transverse section. After about fifteen hours the midventral 
portion of the blastula also become thickened and at the same time the 
amniotic folds appear at the sides of the germ band. 

At the anterior end the germ band broadens out laterally to form 
the cephalic lobes, and at the same time extends dorsally around the 
anterior end of the yolk. While this change is taking place at the 
anterior end of the germ band the posterior extremity also undergoes 
a modification. About sixteen hours after the egg has been deposited a 
gentle, obtuse invagination occurs in the germ band toward the posterior 
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end. This invagination marks the beginning of gastrulation and is 
followed immediately by a dorsal flexing of the posterior extremity. 

Coincidently with the above changes there occurs a modification 
of the rest of the germ band. The amnioserosal folds become extended 
ventrally and a longitudinal invagination forms in the midventral 
region. This invagination may be considered the gastral groove and 
it is associated with the separation of ectoderm and mesoderm. The 
gastral groove forms first at the posterior end of the germ band and 
proceeds forward; its progress is accompanied by the torward growth 
of the amnioserosal fold. This fold is met in the future thoracic region 
by a like structure which grows back'from the head. At this time the 
amnion and serosa become separate and scattered masses of meso- 
dermal cells become differentiated from the ectoderm and lie along the 
inner surface of the middle portion of the germ band. 


DIFFERENTIATION OF GERM AND SOMATIC CELLS 


When the embryo is about seventeen hours old and the extra- 
embryonic membranes are nearing completion an interesting phenome- 
non takes places at the posterior extremity of the germ band. A 
mass of cells is proliferated (Fig. 1) which will ultimately form the 
various constituents of the caudal plate. At first all of the cells are 
alike in that they possess large nuclei with scattered chromatin granules 
(Fig. 3, A). Later, as the mass of cells moves dorsally, differences 
may be noted in the structure of the nuclei. Those which compose 
the ectoderm become slightly oval (Fig. 3, B) and are restricted to the 
ventral margin of the mass; those which may be called mesodermal 
become smaller and are characterized further by their densely packed 
chromatin granules (Fig. 3, C); while others retain their original appear- 
ance and will be recognized eventually as the definitive germ cells. Dur- 
ing this process of differentiation the germ cells become crowded into 
the inner, central portion of the developing caudal plate (Fig. 10). 
It may be suggested that in all probability some of the small dark 
cells which are found at the dorsal extremity of the mass are the anlager 
of the posterior mesenteron rudiment. Their history will be reviewed 
in a later discussion. 


HISTORY OF THE GERM CELLS UNTIL THE TIME OF 
SEXUAL DIFFERENTIATION 


After the eggs have been incubated for twenty hours the anterior 
end of the germ band has started to grow in a posterior direction and 
the caudal extremity has pushed forward on the dorsal surface until 
it extends half of the distance to the anterior pole. At this time the 
amnion and serosa have been crowded together and they both are 
represented by rows of nuclei which are held together by delicate strands 
of protoplasm. The cell mass at the posterior end of the germ band 
which was observed in (Fig. 1) has been lengthened considerably. 
This apparent stretching of the caudal plate has heen accompanied 
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by a redistribution of the groups of different nuclei which have been 
described. The ectodermal cells form a definite border; the meso- 
dermal cells are spread out over the surface of the ectoderm; the endo- 
dermal cells, the mesenteron rudiment, are carried forward with the 
advance of the posterior extremity; in addition, the germ cells are 
about to be separated from the germ band (Fig. 2). 

Soon the germ band begins to assume a segmented appearance and 
the appendages of the head and thorax are evaginated. By this time 
the caudal plate has grown forward until it extends about two-thirds 
the distance to the anterior extremity. At the caudal end of the 
embryo the ectodermal layer has begun to invaginate to form the 
proctodaeum. Closely associated with this invagination one can see 
the mesenteron rudiment which is now composed of cells which have 
smaller nuclei than the mesodermal cells. The latter have lost their 
random distribution and are grouped into loose masses in each of the 
body segments except the tenth and eleventh. At this time the germ 
cells are found in a large aggregation in the region of the sixth and 
seventh segments. In a few hours the group of germ cells becomes 
divided into three masses; two remain near the sixth and seventh 
segments and the other migrates to the fifth segment. During the 
time when the cells are moving from the original groups the coelomic 
sacs begin to form and the neural groove and ganglia can be distinguish- 
ed. The development of the embryo proceeds rapidly during this 
period and the above phenomena are accompanied by other changes. 
At the anterior end of the germ band the stomodaeum is formed by an 
invagination of the ectoderm and simultaneously there is a proliferation 
of cells in this region (Fig. 4) which represent the anterior mesen- 
teron rudiment. ‘The posterior extremity of the embryo extends only 
about half way along the dorsal side at this time and tracheal invagina- 
tions make their appearance. 

The masses of germ cells have a very different appearance after 
thirty-two hours. They have each been divided into two more com- 
pact clusters, and one can see that they are gradually sinking into the 
coelomic cavities of segments five, six and seven on both sides of the 
embryo (Fig. 4). After approximately thirty-six hours the germ cell 
groups are completely surrounded by the walls of the coelomic sacs 
and they begin to acquire a delicate mesodermal epithelium (Fig. 5). 

As development proceeds the body becomes shortened until the 
posterior end of the embyro reaches only a short distance around the 
posterior pole of the egg. The proctodaeum continues to extend into 
the yolk and from its inner margin the Malpighian tubules evaginate. 
The stomodaeum also exhibits progress in its development at this time 
and the two mesenteron rudiments have started to migrate along the 
inner surface of the coelomic sacs, toward each other. 

After about forty-eight hours the coelomic sacs have a tendency 
to become continuous with one another and this development is 
associated with a striking change in the rudimentary sex glands. 
Previously three distinct clusters could be observed in either side in 
segments five, six and seven. The migration of the cells continues 








284 Annals Entomological Society of America |Vol. XXVII, 


until an elongate, rudimentary germ gland extends, on either side, 
from segment five to segment seven (Fig. 6). 

The embryo assumed more of the appearance of an insect after 
being incubated for sixty hours. The body has continued to shorten 
until the external opening of the proctodaeum is located at the posterior 
pole of the egg. While this change is taking place the sides of the 
embryo gradually approach the dorsal surface of the egg and at this 
time several new structures could be observed. The Malpighian 
tubules are twisting their way into the body cavity and muscle tissue 
is evident. By this time the germ glands are much shorter and they 
extend from the posterior edge of the fifth segment into the anterior 
portion of the seventh segment. A transverse section through the 
abdomen at this time shows that the germ glands are being carried 
toward the dorsum with the upward migration of the heart rudiment. 
From this time until the definitive sex organs are differentiated there 
is no change in the structure of the germ glands; their position, how- 
ever, is altered in such a way that they come to lie near the mid- 
dorsal region of the embryo, on either side of the heart. A description 


1 


of the development of the germ ducts will not be given at this time. 


DIFFERENTIATION OF THE MALE AND FEMALE SEX ORGANS 
Just before the time at which the eggs hatch the oval germ gland 
ins to present a rough appearance (Fig. 7). This change i 
by a rearrangement of the mesodermal cell 
gland and affords the first indication of sexual differentiation 





J 


s on the inner side of 





The sex of the embryo could not be determined at this stage of develop- 
ment and it is necessary to study the newly-hatched larvae in order to 
distinguish between male and female. 

As the rudimentary tubules increase in length their nuclei become 
more prominent and differ from those of the germ cells. ‘They are 
sickle-shaped and seem to contain a solid mass of chromatin (Figs. 8, 
9). Saling (1907) noted the appearance of like nuclei in Tenebrio 
molitor, a closely related species. He found that the sickle cells com- 
posed the terminal filaments in the ovary and probably acted as 
nutritional cells in the testes of Zenebrio. Their function was not 
determined for Tribolium but it seems likely that it is similar. 

The male and female sex organs can be distinguished soon after 
the hatching of the larvae. In the case of the former there are six 
tubules which ultimately compose the testicular follicles. Five of 
these are seen in (Fig. 11), the sixth was found in another section. 
The ovary has eight protuberances which are very difficult to illustrate 
because they occur in double rows of four on the inner, lateral surface 
of the gland. Figure 9 shows a transverse section through one pair of 
ovarian tubules while Figure § illustrates a similar cut through the 
testis. 
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SUMMARY AND DISCUSSION 


The origin of the germ layers in Tribolium confusum is 
readily observed. The ectoderm is differentiated in the usual 
manner but the mesoderm is not distinguishable until after 
the gastral groove is nearly obliterated. A like condition was 
reported for Hydrophilas by Heider (1889), but Wheeler (1893), 
Brauer (1925) and others have stated that the mesoderm is 
proliferated from the ventral plate before the invagination of 
the gastral groove. In Tribolium a collection of granules 
were seen in the region of the groove before any mesodermal 
cells appeared. It is possible that these particles have some 
part in the initiation of mesoderm formation. 

The questionable third germ layer was very evident in this 
embryo. At a very early time it was possible to recognize 
the posterior mesenteron rudiment and then it could be followed 
readily as it progressed step by step toward the formation 
of the midgut. The anterior rudiment did not appear until 
the time when the stomodaeum had invaginated but after 
its appearance it assumed the same character as the other. 
The time of the appearance of the two rudiments corresponds 
very well with that of one of the types suggested by Nusbaum 
and Fulinski (1909) in their excellent discussion of the subject. 

As was suggested earlier, the separation of germ and somatic 
cells cannot be recognized at the same time in all species of 
insects. Seidel (1924) has analyzed this question very critic- 
ally. He has found that all of the investigators agree that 
the germ cells sooner or later have certain chemical properties 
which can be demonstrated by microchemical technique. He 
has discovered that certain conditions such as the amount of 
yolk and the number of germ cells formed are correlated with 
the time of the differentiation of germ and somatic cells, further- 
more, that there is some relationship between the precocity 
of the germ cells and the amount of metamerism present in 
the definitive sex gland. These discoveries lead him to say 
‘‘Beide Extreme sind so gut characterisiert, dasz man sehr 
wohl von einem determinativen und nichtdeterminativen En- 
twicklungstypus sprechen kann.” 

My investigation leads me to conclude that the germ cells 
in Tribolium are separated from the somatic cells during 
gastrulation and the formation of the caudal plate. They 
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may be distinguished from the somatic cells by their large 
size and granular chromatin. 

The time when the male and female sex organs are differ- 
entiated is evidently in the late embyro stage. The difference 
in the male and female glands which have been described 
are very obvious at the beginning of the first larval instar. 
Such a situation makes it apparent that any change in the sex 
ratio of the adults which can be controlled by treatment of the 
larvae involves an actual sex reversal. Whether such a reversal 
occurs is a matter which can only be determined by extensive 
studies along the lines suggested by Holdaway (1930). 
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EXPLANATION OF PLATES 


PLATE I 


Longitudinal section of embryo. amn., amnion; amn. c., amniotic cavity; 
c. p., caudal plate; s., serosa; y., yolk. 174. 

Longitudinal section through the dorsally-flexed portion of the posterior 
end. e.c., ectoderm; g. c., germ cells; m., mesoderm; p. m. r., posterior 
mesenteron rudiment; pr., proctodaeum. X 325. 

A., germ cells; B., ectoderm cells; C., mesoderm cells. 1140. 

Longitudinal section. a. m. r., anterior mesenteron rudiment; g. c., 
germ cells; nb., neuroblasts; p. m. r., posterior mesenteron rudiment; 
pr., proctodaeum; s. c., coelomic sac; st., stomodaeum. X 174. 


Transverse section through germ gland. g.c., germ cells; c. s., coelomic 


sac; m. ept., mesodermal epithelium. X 125. 





Transverse section through germ gland. g.c., germ cel 
dermal epithelium. X125. 


$s; m. ept., meso- 

Frontal section of germ gland. g.c., germ cells; m. ept., mesodermal 
epithelium. 3655. 

Transverse section through testis. g.c., germ cells; sk. c., sickle cells. 
<970. 

Transverse section through ovary. g.c., germ cells; sk. c., sickle cells. 
<970. 


PLATE II 


Longitudinal section through caudal plate. ec., ectoderm; g. c., germ 
cells; m., mesoderm; p. m. r., posterior mesenteron rudiment. 400. 


Frontal section through testis. t., testis. 400. 


Origin of Sex Organs in Tribolium 
A. C. Hodson 





Origin of Sex Organs of Tribolium 


A. C. Hodson 





THE TAXONOMIC VALUE OF OVIPOSITORS 
IN SOME EMPOASCA SPECIES 


(Homoptera, Cicadellidae)' 


W. V. BaLpur, 
Field Assistant, Division of Cereal and Forage Insects, 
Bureau of Entomology, United States Department of Agriculture 


Recent researches in the biology and control of certain 
species of Empoasca Walsh revealed the need of ready means 
of distinguishing these forms. The work of DeLong (Tech. 
Bul. 231, U. S. D. A., 1931) on the male genitalia laid a sound 
basis for the classification of the males of the genus. It is, 
however, equally or even more desirable to have characters 
for identifying the species in the female sex. The ovipositors 
of thirteen reared species were therefore studied carefully with 
regard to their comparative structures to determine in a 
preliminary manner whether adequate valvular characters 
occur on which the classification of the females of the genus 
could later be based. Most of the material used was reared 
by F. W. Poos and his staff at Arlington Experiment Farm 
(P. O. Rosslyn, Va.), in connection with life-history and other 
studies. The female parents of these specimens had been, 
for the most part, definitely associated with authentically 
determined males. A few species, in part recognizable by 
external characters and reared from nymphs collected on their 
food plants, were chosen to supplement the material from 
life-history studies. 


TECHNIC 


After soaking the dry specimens in preserving alcohol about an 
hour, the entire ovipositor was cut off at its base and placed at once 
in thin balsam on a slide. By gently pressing and sliding the cover 
glass with a dissecting needle, the interlocking valvulae are readily 
separated and all parts exposed for study. Haematoxylin stain some- 
times clarified certain minute structures, but obscured them in other 
instances. The parts were studied by aid of the DDE type Bausch 
and Lomb research microscope equipped with a number 15 compen- 


'The studies upon which this paper is based were started at the suggestion 
of F. W. Poos, while the author was employed by the Bureau of Entomology 
during the summer of 1931. The work was completed at the University of Illinois. 
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sating ocular and a number 45x apochromat objective, yielding a 
magnification of 675 diameters. A special microscope lamp provided 
with a blue day-light lens is indispensible for adequately revealing the 
characters present on the valvulae. 


TAXONOMIC STRUCTURES OF THE VALVULAE 


The ovipositor of Empoasca consists of two pairs of more or less 
sclerotized valvulae. When united they form a rather strongly com- 
pressed organ with broadly rounded sides and sharp edges. The 
several valvulae are equal in length and approximately twenty times 
longer than wide. All of them have the apical fifth especially modified 
into saws and rasps for penetrating the host plant preparatory to 
Oviposition. Each valvula of the lateral pair is united through its 
full length with its corresponding median valve by a groove-and-ridge 
device located near the middle of the lateral surface (Pl. VI, Fig. 32,c). 
On the median valves, this interlocking mechanism terminates just 
distad of the base of the saw (Pl. I, Fig. 1, e). The structures of the 
apical fifth of the valvulae constitute all the ovipositor characters 
studied, for the reason that more basal portions of the valvulae are 
relatively undifferentiated in form, and difficult or impossible to examine 
with certainty. 

The valvulae of the lateral pair (Pl. V, Fig. 25: Pl. VI, Fig. 32) 
are symmetrical in their main features, and usually rather weak, with 
translucent edges. The taxonomic characters of this pair occur in 
the dorsal and ventral rasps. The dorsolateral area of the valve is 
sloping, somewhat flattened, and varies in width among the several 
species. This surface bears the dorsal rasp, which consists of numerous 
fine transverse ridges (Pl. VI Figs. 32, a, b; 33). In E. maligna the 
ridges are entire (Pl. V, Fig. 25, a) but in all the other species they 
form two rows (Pl. VI, Fig. 32, a and b). The outer row (Pl. VI, 
Fig. 32, a) continues over the full length of the valves, the ridges be- 
coming increasingly obscure toward the base and accordingly not 
enumerable. The inner row (Pl. VI, Fig. 32), however, begins just 
short of the apex and extends only over approximately the distal 
fifth of the valve. The ridges composing this row may therefore be 
accurately counted. At the apex of the dorsal surface occurs a series 
of undivided ridges (Pl. VI, Fig. 32, d) which are not regarded as 
belonging to the inner row. 

The distance between the ridges of the outer row is usually not 
equal to that of the inner row. The relative number of ridges in the 
two rows may be easily determined. Select the area intermediate 
between the apex and base of the inner row. Count forty ridges in 
this area on the outer row, and then the number of ridges present in a 
coextensive area of the inner row. An ocular micrometer is helpful 
in making these counts. It was also found that the relative length 
of the individual ridges of the two rows differs interspecifically. 
Usually, those of the outer row are longer, some species having them 
twice as long, in others they are almost equal in length, and in one or 
two species, the ridges of the inner row are actually the longer. How- 
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ever, the ridges either of the inner or the outer row are not uniform 
in length throughout the row, and in making the comparisons, the 
ridges along the intermediate half of the inner row should be con- 
sidered. The dorsal rasp-bearing surface varies in form and width 
between species. Where it is broad and relatively flat the ridges of the 
outer row are correspondingly long and straight, whereas a narrow 
surface is generally strongly convex around the edge of the valve, 
and the ridges accordingly short and curved or angular. Despite 
some intra-specific variation in the number of ridges in the rasps, 
these structures have at least supplementary and sometimes specific, 
taxonomic value. 

The rasp on the ventral edge of the lateral valvulae is comparatively 
simple (Pl. VI, Fig. 32, e). The ridges of the single row are rather 
prominent, and bend around the edge at the apex of the valve, but 
become reduced in size and in amount of sclerotin toward the proximal 
end of the rasp. In some species they may be counted with certainty, 
but in others they are so obscure that they lose their taxonomic value. 

The median pair of valvulae has become rather strikingly asym- 
metrical in the apical fifth, one (Pl. I, Fig. 1) being larger, more heavily 
sclerotized on the dorsal edge, and broadly and shallowly impressed 
on its lateral aspect (Pl. I, Fig. 1, h, h) to receive its relatively smaller 
and weaker companion valve (Pl. I, Fig. 2). The dorsal wall (P1. I, 
Fig. 1, i) of the lateral impression of the large valve is at least in some 
species, grooved to admit in part the less prominently toothed serrate 
dorsal edge of the small valvula. The median valves seem to lack 
definite interlocking devices, unless they are joined by the lateral 
impression, and in some species possibly by the longitudinal sclerotized 
bars (Pl. VI, Fig. 28, 1, 1, 1) arising from the apex of the impressions. 

The length and maximum width of the saw-bearing portion of the 
valves may usually be rather accurately measured. In the figures 
given in Table I the length means the distance _ the apex of the 
valve to the base of the saw-support (PI. I, Fig. 5, b). The base of 
the saw and that of its support are practically eataad This fact 
aids in making accurate measurements in such species as bifurcata 
and erigeron, the denticles of whose small valves are frequently obscure 
at the base. The maximum width is most accurately measurable 
across the base of the saw-bearing portion of the valve. In ordinary 
mounts, the ventral edge of the valves at this point is often so trans- 
lucent that it may be overlooked. 

The large median valvula invariably possesses more prominent and 
stronger teeth as well as a more heavily sclerotized saw-support than 
the small valve. The teeth and support of the larger member are of 
most value because they exhibit more distinct interspecific differences 
and can always be seen clearly. Three types of dental patterns are 
found in the large valves. The first of these is exemplified by E. 
maligna (Pl. V, Fig. 24) where the denticles are rather coarse and 
mostly arranged in widely separated groups. In bifurcata, abrupta 
and others (Pl. III, Fig. 15; Pl. IV, Figs. 17, 19, 21) they are similar 
in form and small size, excepting occasional larger denticles which 
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become more numerous toward the apex of the valve. Between these 
extremes is the more prevalent third type whose cutting edge consists 
of a continuous series of coarse teeth on whose dorso-apical margins 
occur the usual denticles. This form of detition is present in fabae, 
birdii, solana, delongi, filamenta, and recurvata (Pl. I, Figs. 1, 3, 5; 
Pl. II, Figs. 7, 9; Pl. III, Figs. 11, 13; Pl. VI, Fig. 28). There is not 
exact uniformity in the number and size of the teeth nor in the number 
of denticles per tooth in a series of specimens of a species, but there 
is a general pattern and form that can be defined and sketched to aid 
materially in the identification of the species. 

Some species have prominent sclerotized ridges, rods, or bars lying 
in, and arising from the apex of, the lateral impressions of both median 
valves. These bars (Pl. I, Figs. 5, 6, 1; Pl. II, Figs. 7, 8, 1; Pl. VI, 
Figs. 28, 29, 1) are golden-brown in color like the saw and its support 
but the unsclerotized areas adjacent to the bars are chiefly whitish or 
green, depending on their thickness and the amount of light passing 
through them. The bars seem to have resulted from long continued 
pressure of the two valves upon each other, and they probably indicate 
somewhat the thickness of the valvulae in their original symmetrical 
state. From one to three of the bars occur in several species. In 
E. maligna (Pl. V, Figs. 23, 24) the large valve has two and the small 
member only one, and similar differences between the two valves 
sometimes occur in other species. Usually the rod extending down 
nearest the middle of the impression is the longest, and when others 
are present these arise dorsad or ventrad, or both, to the long one. 
Other species such as abrupta, bifurcata, and fabae from Virginia, lack 
such rods. These, as well as some species having the above rods, 
may have a faint feebly sclerotized ridge (Pl. I, Figs. 5, 6, k; Pl. II, 
Figs. 9, 10, k) extending from near the base of the lateral impression 
diagonally dorsad to its dorso-apical edge. It seems probable that 
the ridge (Figs. 1-25, f) which reinforces the interlocking device, once 
continued distad over the course now marked by the above faint ridge 
in the lateral impression. In most of the species, one or two sclerotized 
elevations (Figs. 1-22, g) of small size but rather distinct form may 
be seen immediately above the apex of the interlocking ridge. In 
fabae, (Pl. I, Figs. 1-6, g) for example, this is single and curves broadly 
backward and upward to the saw support above, whereas in abrupta 
(Pl. IV, Fig. 19, g), solana (Pl. II, Fig. 8, g) and others, two sub- 
parallel ridges are present. On the other hand, maligna (Pl. V, Figs. 
23, 24) and the second undetermined species from willow (Pl. VI, 
Figs. 30, 31) lack them entirely. 

A further character occurs in the form of a series of very minute, 
yet distinct oblique notched ridges (Pl. III, Figs. 15, 16,n; Pl. IV, 
Figs. 17-22, n) in the apex of the lateral impression. They are present 
in abrupta, bifurcata, and erigeron, and their occurrence is not correlated 
with the presence or absence of the longitudinal rods in the lateral 
impression. By carefully focusing up and down there may be seen in 
all species a number, usually seven or eight, of minute circular 
translucent pits along the dorsal edge of the lateral impression or even 
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within the bounds of the heavily sclerotized saw support. Examina- 
tions of favorably ae specimens of birdii and maligna show that 
these pits (Pl. I, Fig. 6, d, d, d; Pl. II, Fig. 8, d, d, d; Pl. IV, Figs. 21, 
22. a. = d and others) are the terminals of canyonlike grooves or ducts, 
extending from the lateral impression into the thicker dorsal frame- 
work of the valvula. The pits proved to have no taxonomic value 
because they are so obscure that their number and position cannot 
be determined with the desired accuracy. 

The taxonomic value of the valvular structures is exemplified in 
particular in Empoasca fabae Harris and E. abrupta DeL ong. Speci- 
mens of E. fabae from two such widely separated areas as Virginia and 
Florida exhibit no differences in the structure of the male genitalia. 
However, the valvulae possess features that readily distinguish them. 
In fabae from Florida, each median valvula has a single longitudinal 
bar extending into the lateral impression from the apex, whereas this 
bar never occurs in the Virginia specimens. In view of these and other 
structural differences, it is of interest that Doctor Poos has had only 
meager success in crossing these two strains of E. fabae. Furthermore, 
he finds the Florida strain very injurious to beans and cowpeas, but 
was not able to breed it on potato, which is a preferred host plant 
of the Virginia fabae. The differences in structure therefore not only 
have their counterpart in the habit of host selection but apparently 
also in some phase of the reproductive structures or processes. 

The interpretation of the structures on the valvulae of Empoasca 
species was aided materially by a previous study? of the ovipositor 
in the larger leaf hopper, Draeculacephala mollipes (Say). In the 
latter the lateral valvulae lack the definite rasps, and the median 
valvulae are alike in size and general structure rather than noticeably 
asymmetrical as in Empoasca. As a whole, the ovipositor of Draecu- 
lacephala is apparently the more primitive. The structural differences 
between the present two groups encourage the belief that the valvulae may 
also be of some value in separating the Cicadellidae into genera. This 
belief finds support in the conclusion reached by Readio* in his study 
of generic and subfamily representatives of the Cicadellidae. That 
writer’s investigations were limited, however, to the gross structures 
of the median valvulae. A closer examination of both pairs of valvulae 
will probably reveal additional characters that will facilitate the identi- 
fication of the genera, and perhaps also make possible the recognition 
of their species. 

In the accompanying table are assembled the more important 
distinguishing characters found, and with them their range of variation 
within each species studied. 


1e 


*Balduf, W. V. 1933. Fhe Morphology of the Ovipositor in Draeculacephala 
(Cicadellidae, Homoptera). Ann. Ent. Soc. Amer., 26 (1): 64-75. 


’Readio, P. A. 1922. The Ovipositors of the Cicadellidae (Homoptera). 
Kansas Univ. Sci. Bul. 14 (8): 217-293. 
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KEY FOR THE IDENTIFICATION OF THE SPECIES 
makes use of the most precise of these structural differences 
to what extent the identification of these species may be ac- 

1ed by means of the now known valvular characters. 

Four to eight ge pical teeth and a 
denticles (Pl. V, Figs. 23, 26; . VI, Fig. 
valvula 5 ; 

Thirteen or more coz 3, 5; et al.) in saw of this 
valvula, or all or at least basal half of saw provided with rather uniform 
minute denticles (Pl. III, Fig. 15; Pl. IV, Fig. 21) 

Dorsal rasp of lateral valvulae composed of one row of ridges (Pl: 

at ea 


subuniform series of apical 
30) in saw of large median 


maligna 


Fig. 25, a 
Dorsal rasp composed of two rows of ridges (Pl. VI, Fig. 32, a, b)..... . 3 
Saw of large median valvula with about eight large teeth (Pl. V, Fig. 26) 

in addition to the series of apical denticles (Pl. V, Fig. 26, c); saw- 

bearing portion of valvula 2.8 times longer than its maximum width; 
lateral impression of large valve without longitudinal sclerotized rods 
: 


arising from its apex, this valvula whitish, lightly sclerotized, 

First undetermined Empoasca species from willow 

Saw of large median valvula with about five large teeth and a series of 
subuniform apical denticles (Pl. VI, Fig. 30); saw-bearing portion of 
valvula 3.5 times longer than its maximum width; lateral impression 
mostly dark brown and heavily sclerotized, and two prominent 
longitudinal rods extending from its apex, 

Second undetermined Empoasca species from willow 

Saw of large median valvula entirely or at least its basal half composed 
of minute denticles, prominent teeth never present (Pl. III, Fig. 15; 

Pl. IV, Figs. 17, 19, 21); apex of lateral impression with minute oblique 
notched ridges (Pl. III, Figs. 15, 16, n; Pl. IV, Figs. 17-22, n) ; 

Teeth of large median valvula coarse and prominent the full length of saw 
(Figs. 1, 5, 13, et al.) and numbering from 13 to 25; apex of lateral 
impression without oblique, minute notched ridges 

Two or three longitudinal sclerotized rods (Figs. 5, 6, 9, 10, 21, 22, 28, 29) 
arising from apex of lateral impression of median valvulae, 

A form near abrupta, from California 

No longitudinal rods arising from apex of the lateral impression (PI. I, 
Figs. 1, 2; Pl. III, Figs. 13, 14) ; ; Bl uneatesan ae 

Two fine ridges (Pl. IV, Figs. 17, 18, g, g) dorsad of apex of interlocking 
ridge short, distinctly shorter than distance between end of interlocking 
ridge and outer edge of saw; inner row of dorsal rasp of lateral valvulae 
composed of 39 to 47, or an average of 43 ridges; denticles of large 
valvulae uniform and on a common level, excepting an occasional 
denticle larger ; ; bifurcata 

At least one of the above ridges (Pl. III, Figs. 15, 16, g; Pl. IV, Figs. 

19, 20, g) as long as the distance between end of interlocking ridge and 
outer edge of saw; inner row of dorsal rasp composed of at least 49 
ridges; denticles in apical two-thirds of large valvula arranged in 
low but indistinct groups 
Inner row of dorsal rasp composed of 49 to 54, or an average of 51 ridges; 
dorsalmost ridge of pair above apex of interlocking ridge distinctly 
the shorter, and sometimes very faint, both ridges (Pl. III, Figs. 
15, 16, g, g) directed strongly diagonally caudad.. erigeron 
Inner row composed of 52 to 67, or an average of 58 ridges; the two ridges 
(Pl. IV, Figs. 19, 20, g, g) dorsad of interlocking ridge approximately 
equal in length and almost parallel with interlocking ridge (Pl. IV, 
Fig. 19, e i ....abrupta 
Ridge rising above apex of interlocking ridge lightly sclerotized, fine, long 
and curving broadly dorso-caudad (PI. I, Figs. 1-6, g, g); saw of large 
median valvula on the average at least 4.2 times longer than maximum 
width of saw-bearing portion; 13 to 22 teeth [including the undiffer- 
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entiated series of apical denticles (Pl. I, Fig. 1, c) as one tooth] forming 
saw of large median valvula; mostly no longitudinal rods, or at most 
one (Pl. I, Fig. 5, 1) arising in apex of lateral impression of median 
valvulae; ventral half of impression whitish and unsclerotized like 
dorsal portion, excepting in fabae from Florida (PI. I, Fig. 6, m) 9 
Sclerotized ridges or areas dorsad of apex of interlocking ridge of various 
forms, not as above; saw of large median valvula on the average at 
most 3.8 times longer than maximum width of saw-bearing portion; 
20 to 25 teeth forming saw of large median valvula; two or three longi- 
tudinal rods arising in apex of lateral impression of large median 
valvula; submarginal area of ventral half of impression moderately 
sclerotized (Pl. II, Fig. 7, m; Pl. VI, Fig. 28 <n 
Lateral impression of median valvulae with one longitudinal sclerotized 
rod (Pl. I, Figs. 5, 6, 1) arising from its apex; 13 to 16 teeth in saw of 
large median valvula (Pl. I, Fig. 5) and lower half of its lateral 








impression moderately sclerotized. . fabae, from Florida 
Lateral impression without such rods arising from its apex; 15 to 22 

teeth in saw of large median valvula; lateral impression rather 

uniformly whitish, not considerably sclerotized on ventral half 10 


Ridges of inner and outer rows of dorsal rasps of lateral valvulae about 
equal in length on the whole; average number of ridges in inner row 
at least 58; ratio of ridges in the two rows is as 40 in the outer to at 
least 36 on the average in the inner row; faintly sclerotized ridge 
extending obliquely from apex of interlocking ridge across lateral 
impression to saw support (PI. II, Figs. 9, 10, k; Pl. III, Figs. 13, 14, k) 11 
Ridges of inner row only one-half to two-fifths as long as those of outer 
row; average number of ridges in inner row 51; ratio of ridges in the 
two rows is as 40 to an average of 33; no faintly sclerotized ridge across 
lateral impression as above fabae, from Virginia and California 
Average number of ridges in inner row 65; fine ridge arising from dorsal 
side of apex of interlocking ridge ending before reaching saw support 
(Pl. II, Fig. 9, g delongi 
Average number of ridges in inner row 58; fine ridge above end of inter- 
locking ridge reaching saw support (Pl. III, Fig. 13, g); teeth at 
base of saw of large median valvula sometimes flattened out and 
obscure........ cere ta are a dct antiga aras ; i recurvata 
Ridges of inner and outer rows of dorsal rasp of lateral valvulae about 
equal in length on the whole; three longitudinal sclerotized rods arising 
from apex of lateral impression on median valvulae (Pl. VI, Figs. 
28, 29, 1, 1), floor of impression greenish in color (Pl. VI, Fig. 29, h), 
a single fine and almost straight vertical lightly sclerotized ridge 
(Pl. VI, Fig. 28, g) extending dorsad from apex of interlocking ridge, 
birdii 
Ridges of inner row about one-half as long as those on outer row of dorsal 
rasp of lateral valvulae; usually two, but some specimens with one 
or three longitudinal rods in lateral impression (Pl. II, Fig. 7; Pl. III, 
Fig. 12, 1, 1); floor of impression whitish or whitish to greenish in color 13 
Lateral impression whitish; two longitudinal sclerotized rods arising in 
apex of impression of large median valvula, and one in that of small 
valvula; two vertical lightly sclerotized elongate oval areas (PI. III, 
Figs. 11, 12, g, g) below base of saw and dorsad of apex of interlocking 
ridge in each median valvula; twenty-five teeth in saw of large valvula 
(Pl. I, Fig. 3, c); forty-five ridges in inner row of dorsal rasp (only one 
set of valvulae studied)... ; filamenta 
Lateral impression greenish to whitish; two or three longitudinal 
sclerotized rods in lateral impression of median valvulae (PI. II, Figs. 
7, 8, 1, 1); two diagonal subparallel narrow sclerotized ridges (Pl. II, 
Fig. 7, g, g) arising dorsad at apex of interlocking ridge, ridges not 
reaching saw support; an average of twenty-two teeth in saw of large 
valvula; and an average of fifty-two ridges in inner row of dorsal 
WN eaten Pade ee eek bis eave estes ans iets raat Pataca atte a acta Sonera solana 
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CONCLUSIONS 


The genus Empoasca Walsh is divided by DeLong (Tech. 
Bul. 231, U. S. D. A., 1931) into the subgenera Kybos, Hebata, 
Empoasca, and Idona. The species treated in the present 
study fall into Kybos and Empoasca. E. maligna alone is 
known positively to represent the subgenus Kybos, but the 
two unidentified species from willow have a robustness of 
form and a small number of teeth on the saw that suggest 
they are closely related to maligna. The greater strength of 
the valvulae and the prominence of their teeth seem to be cor- 
related with the habit of ovipositing in tissues of woody plants. 

The subgenus Empoasca contains two distinct groups of 
species, according to the characters of the valvulae. In the 
first subdivision, the large median valvula bears a series of 
coarse denticulate teeth extending the full length of the saw, 
and there are no minute oblique notched ridges in the apex 
of the lateral impression of the median valvulae. This group 
includes fabae, solana, birdii, delongi, filamenta and recurvata. 
The species of the second group are erigeron, bifurcata, and 
abrupta, whose saw§ bear minute denticles instead of coarse 
teeth, and have a series of minute oblique notched ridges in 
the apex of the lateral impressions. The meager bionomic 
facts available do not permit an attempt to correlate these 
two types of ovipositors with plant groups of particular textures 
or taxonomic relationships. However, the saw portion of the 
large median valvula in the erigeron group is from 4.3 to 4.5 
times longer than its maximum width, whereas these dimensions 
in the fabae series range from 3.6 to 4.3 times longer than 
wide. The saws bearing the coarser teeth are therefore generally 
present on the stronger valvulae. 

The valvulae studied furnish characters quite adequate to 
distinguish the species in the present series. They are less 
numerous and decisive in the species of the erigeron group, 
but will at least supplement the available external characters 
and perhaps make definite determination of their females 
possible. In the fabae group, however, which comprises the 
larger number of species as well as those of greatest economic 
importance, a more abundant body of characters occurs. It 
is therefore anticipated that the yet unstudied species of at 
least the fabae subdivision may eventually be recognizable by 
valvular structures. 
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EXPLANATION OF PLATES 
PLATE I 
Em poasca fabae (Harris), from Virginia, 

late teeth; 6, saw support; c, apical series of subuniform denticles; 
d, d, d, semitranslucent pits in or near saw support; e, interlocking 
device uniting this valvula to its corresponding lateral valvula; f, inter- 
locking ridge, reinforcing interlocking device; g, curved ridge dorsad 
of apex of interlocking ridge; 4, h, lateral impression; t, serrate edge of 
lateral impression, receiving serrate dorsal edge of small median 
valvula. 


ge median valvula. a, denticu- 


{ 








Empoasca fabae (Harris), from Virginia, small median valvula. Lettering 
and structures as in Fig. 1. 

Em poasca fabae (Harris), from California, large median valvula. j, 7, more 
heavily sclerotized, and wrinkled, areas of lateral impression. Lettering 
and structures otherwise as in Fig. 1. 

Empoasca fabae (Harris), from California, small median valvula. Letter- 
ing as in Fig. 3. 

Empoasca fabae (Harris), from Florida, large median valvula. 6, marking 
base of saw support; k, faintly sclerotized ridge arising near apex of 
interlocking ridge (e); /, longitudinal sclerotized rod arising from apex 
of lateral impression; m, moderately sclerotized submarginal area of 
lateral impression; lettering and parts otherwise as in Fig. 1. 

Empoasca fabae (Harris), from Florida, small median valvula. a, low 
groups of denticles forming the saw. Lettering and structures otherwise 
as in Fig. 5. 


PLATE II 


Empoasca solana DeLong, large median valvula. a, denticulate teeth; 
b, saw support; c, apical subuniform denticles; d, d, d, semitranslucent 
pits; e, interlocking device; f, interlocking ridge; g. g, pair of feebly 
sclerotized ridges dorsad of apex of interlocking ridge; h, h, lateral 
impression; /, /, median and ventral longitudinal rods from apex of 
impression; m, moderately sclerotized area. 

Empoasca solana DeLong, small median valvula. a, low groups of 
denticles forming saw. Lettering and structures otherwise as in 
Fig. 7. 

Empoasca delongi Poos, large median valvula. a, denticulate teeth; 
b, b, saw support; c, apical subuniform denticles; d, d, semitranslucent 
pits; e, interlocking device; f, interlocking ridge; g, g, curved parallel 
ridges above apex of interlocking ridge; h, lateral impression; 7, serrate 
dorsal edge of lateral impression; k, faintly sclerotized ridge arising 
near apex of interlocking ridge; m, moderately sclerotized subventral 
area. 

Em poasca delongi Poos, small median valvula. a, low groups of denticles 
forming saw. Lettering and structure otherwise as in Fig. 8. 


PLATE ITI 


Em peasca filamenta DeLong, large median valvula. a, denticulate teeth; 
b, saw support; c, apical subuniform denticles; d, d, semitranslucent 
pits; e, interlocking device; f, interlocking ridge; g, g, pair of suboval 
lightly sclerotized areas above apex of interlocking ridge; h, h, lateral 
impression; i, serrate edge of lateral impression; /, /, median and ventral 
longitudinal sclerotized rods in lateral impression; m, moderately 
sclerotized submarginal area of lateral impression. 


Empoasca filamenta DeLong, small median valvula. a, low groups of 
denticles forming saw. Lettering and structures otherwise as in 


Fig. 11. 
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Empoasca recurvata DeLong, large median valvula. a, denticulate teeth; 
b, saw support; c, apical subuniform denticles; d, d, d, semitranslucent 
pits; e, interlocking device; f, interlocking ridge; g, curved ridge above 
apex of 1 ige; h, lateral impression; k, faintly sclerotized 
ridge arising at apex of interlocking ridge. 

Empoasca recurvata DeLong, small median valvula. a, low groups of 
denticles forming saw Lettering and structures otherwise as in 
Fig. 13. 

Empoasca erigeron DeLong, large median valvula. a, low groups of 
denticles forming the saw: 6, saw support; c, apical subuniform 
denticles; d, d, semitranslucent pits; e, interlocking device; f, inter- 
locking ridge; g, g, pair of ridges above apex of interlocking ridge; 
h, h, lateral impression; k, faintly sclerotized ridge; m, minute oblique 


notched ridges in apex of lateral impression. 


Em poasca erigeron DeLong, small median valvula. a, uniform denticles 
forming saw. Lettering and structures otherwise as in Fig. 15. 


PLATE IV 


Empoasca bifurcata DeLong, large median valvula. a, a, low groups of 
denticles forming saw; >, saw support; d, d, d, semitranslucent pits; 
e, interlocking device; f, interlocking ridge; g, g, pair of ridges above 
apex of interlocking ridge; h, h, lateral impression; k, faintly sclerotized 
ridge; m, minute oblique notched ridges in apex of lateral impression. 

Empoasca bifurcata DeLong, small median valvula. a, a, uniform 
denticles forming saw. Lettering and structures otherwise as in Fig. 17. 

Empoasca abrupta DeLong, large median valvula. a, a, low groups of 
denticles forming saw; ), b, saw support; d, d, semitranslucent pits; e, 
interlocking device; f, interlocking ridge; g, g, pair of ridges above apex 
of interlocking ridge; h, h, lateral impression; m, fingerlike sclerotized 
area; m, minute oblique notched ridges in apex of lateral impression. 

Empoasca abrupta DeLong, small median valvula. a, a, subuniform 
denticles forming saw. Lettering and structures otherwise as in 
Fig. 21. 

Em poasca species, near abrupta, large median valvula. a, a, low groups 
of denticles forming saw; }, saw support; c, apical subuniform denticles; 
d, d, d, semitranslucent pits; e, interlocking device; f, interlocking 
ridge; g, g, pair of ridges above apex of interlocking ridge; h, h, lateral 
impression; k, faintly sclerotized ridge; /, 7, longitudinal rods arising 
at apex of lateral impression; m, moderately sclerotized area; n, minute 
oblique notched ridges in apex of lateral impression, apparently not on 
same side of valvula as longitudinal rods. 

Empoasca species near abrupta, small median valvula. a, a, low sub- 
uniform denticles forming saw; /, /, 1, longitudinal rods in lateral 
impression. Lettering and structures otherwise as in Fig. 21. 


PLATE V 


Empoasca maligna (Walsh), large median valvula. a, a, a, widely 
separated denticulate teeth; b, saw support; uniform apical series of 
denticles; d, d, semitranslucent pits; e, interlocking device; f, inter- 
locking ridge; h, h, lateral impression; 7, serrate dorsal edge of lateral 
impression; /, /, longitudinal rods arising at apex of lateral impression; 
m, sclerotized area; o, o, finely corrugated marginal area; p, ridged 
ventral edge of valvula. 

Em poasca maligna (Walsh), small median valvula. a, denticles forming 
short saw; q, lateral impression continuing to edge of valvula. Letter- 
ing and structures otherwise as in Fig. 23. 
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Empoasca maligna (Walsh), apex of a lateral valvula in side view 
a, single row of ridges forming dorsal rasp; e, row of ridges forming 
ventral rasp; f, f, broad ridges strengthening the valvula. The inter- 


locking ridge not shown; see F 32, c. 





Empoasca, first undetermined species from willow, large median valvula. 
a, a, a, widely separated denticulate teeth; 6, saw support; c, apical 
series of subuniform denticles; d, semitranslucent pits; e, interlocking 
device; f, interlocking ridge; g, g, ridges dorsad of apex of interlocking 
ridge; h, h, lateral impression; 7, serrate dorso-apical edge of lateral 
impression; r, semicircular depression in lower edge of saw support. 














Empoasca, first undetermined species from willow, small median valvula. 
a, a, uniform denticles forming rather short saw. Lettering and 
structures otherwise as in Fig. 26. 


PLATE VI 


Empoasca birdii Goding, large median valvula. a, denticulate teeth; 
b, saw support; c, apical series of subuniform denticles; d, d, d, semi- 
translucent pits; e, interlocking device; f, interlocking ridge; g, fine 
ridge dorsad of apex of interlocking ridge; #, lateral impression; /, /, /, 
dorsal, median, and ventral sclerotized rods in lateral impression; 
m, moderately sclerotized area. 

Empoasca birdit Goding, small median valvula; d, d, d, note canals leading 
from lateral impression to pits in saw support. Lettering and 
structures otherwise as in Fig. 28. 

Empoasca, second undetermined species from willow, large median 
valvula. a,a,a, coarse denticulate teeth and non-denticulate intervals; 
b, saw support; c, apical series of uniform denticles; d, d, semitrans- 
lucent pits; e, interlocking device; f, interlocking ridge; h, h, lateral 
impression, moderately sclerotized; /, /, longitudinal rods arising from 
apex of lateral impression; m, moderately sclerotized area of lateral 
impression; s, less heavily sclerotized strip along inner edge of saw 
support. 

Empoasca, second undetermined species from willow, small median 
valvula. a, a, denticles composing saw, apical denticies larger. 
Lettering and structures otherwise as in Fig. 30. 

Empoasca species, a lateral valvula, somewhat diagrammatic. a, outer 
row of ridges of dorsal rasp; b, inner row of ridges of dorsal rasp; c, 
interlocking device that unites lateral valvula with median valvula 
(see Figs. 1-24 and 26-31, e); d, marks apical limit of inner row of 
ridges of dorsal rasp; e, ridges forming ventral rasp; g, sclerotized 
blocks. Longitudinal ridges (f, f, Fig. 25) not shown. 


Longitudinal section through dorsal rasp of lateral valvula, showing 
form of the ridges that compose this rasp. 
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THE ESTABLISHMENT OF A CAGE COLONY OF 
ANOPHELES PUNCTIPENNIS! 


Mark F. Boyp Anp J. A. MULRENNAN, 


Station for Malaria Research, Tallahassee, Florida. 


The successful maintenance, for over two years, of the 
colony of Anopheles quadrimaculatus, whose establishment was 
reported in Science (1), led us to apply the same technique (2) 
to the rearing of other species of anophelines. We have now 
raised A. punctipennis under insectary conditions in a manner 
that convinces us that we have succeeded in establishing a 
colony. 

The colony was established by capturing numbers of gravid 
wild females, which were confined in small bobbinet cages. 
The cages were kept over dishes of water to permit the col- 
lection of ova. The first ova were secured on December 10, 
1933, and the young larvae were transferred to pans of hay 
infusion in a heated water bath and reared on infusion and 
yeast. The first imagines were released in the interior of the 
insectary on December 25, 1933, and by the middle of January 
about two thousand reared adults had been liberated. 

The females of the first generation were very capricious in 
feeding on the person of the technician. Attempt was made to 
force the issue by caging numbers of the reared females, which 
had been loose in the insectary and hence presumably might 
be fertilized, and applying these to the person of the attendant 
every third day. Although the cages were kept over dishes of 
water, there was no oviposition by these caged individuals 
during a three-week period, and they were finally again liberated. 

However, on January 15, 1934, 100 first instar larvae were 
recovered from the water bath. Until February 15 only three 
instances of oviposition were noted. Since that date increas- 
ingly large numbers of ova have been collected, until the daily 
collections are now comparable to those secured from the other 
insectary. 


1The studies and observations on which this paper is based were conducted 
with the support and under the auspices of the International Health Division of 
The Rockefeller Foundation. 
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We have not attempted to keep the generations separated, 
but we have reason to believe that to date (March 31, 1954) 
we have secured three generations in the insectary. During 
the past two months their willingness to take a blood meal has 
steadily improved, and there appear to be no inhibitions to 
oviposition. No obstacles to indefinite propagation of the 
colony are foreseen. 

A. punctipennis shows some interesting differences in feeding 
habits from A. guadrimaculatus. When a negro and a white 
are together in the insectary, A. punctipennis will attack the 
negro with greater avidity than it does the white. While 
guadrimaculatus shows a decided tendency to center feeding on 
the legs, and only rarely feeds on the arms and head, punctipennis 
although feeding on the legs shows a decided preference for the 
upper parts of the body. If individuals of the former species 
light about the waist they tend to ‘‘work’’ down before feeding, 
while individuals of the latter species tend to ‘‘work’’ up. 


REFERENCES. 
1. Boyd, Mark F. Science, 76 (1932): 370. 
2. Boyd, Mark F., and Cain, Thomas L., Jr. Am. Jour. Hyg., 16 (1932): 832. 


BOOK NOTICE 


A MONOGRAPH OF THE COLLEMBOLA OF IOWA, by Hartow B. MILts. 
Pages i-viii and 1-143, with 12 plates. 1934. Published by the Collegiate 
Press, Inc., Ames, Iowa. Price, : ‘ 

While this work is distinctly a faunistic study for the state of Iowa it is in 
reality of broader scope, as it covers very thoroughly the literature for the group 
at large and the keys and descriptions will enable students to identify these insects 
for a much wider territory. It would seem to be the most available manual for 
this group for a large part of the United States and probably much of Canada. 
Local distributional notes and ecological observations for the region covered are 
a very commendable feature.—H. OsBorn. 


IRON HEMATOXYLIN STAIN FOR DIFFERENTIATION 
OF SCLERITES FROM MEMBRANOUS AREAS 


PuiLip LEVEREAULT, 


Entomological Laboratory 
Mass. State College 


In my work in comparative insect morphology I have 
encountered much difficulty in studying the sclerites of the 
exoskeleton of the mantis, Stagmomantis carolina, especially 
those of the genitalia. In this work the specimens were boiled 
in potassium hydroxide until the internal organs and tissues 
became sufficiently disintegrated for removal with forceps and 
a stream of water generated by a pipette. However, potas- 
sium hydroxide bleaches, and some insects, such as the carolina 
mantis, have little cuticular pigment, which means that the 
student experiences much difficulty in identifying sclerites 
that are invisible, or practically so. Gage stain (Ent. News, 
May 1919) is of little value for morphological work, since the 
exoskeleton has to be preserved in 80 or 85 per cent alcohol, 


and Gage stain washes out in alcohol. The only thing left 
to do was to try some of the common stains. Heidenhain’s 
iron hematoxylin produced excellent results in distinguishing 
the sclerites from the membranous portions. 

The following procedure gave satisfactory results: 


1. Boil the specimen in potassium hydroxide (10 percent.) to remove the 
soft internal parts. 
2. Rinse the exoskeleton in water, adding a little acetic acid to the water to 
neutralize the potassium hydroxide. It should then be rinsed in distilled water. 
Place in iron alum for one hour. 
Wash in distilled water for from ten to twenty minutes. 
Put in iron hematoxylin (0.5 percent.) for one hour. 
Rinse well in distilled water. 
7. Destain (under the binoculars) in iron alum. When the membranous 
portions become quite colorless, remove the specimen to distilled water. Wash 
for one hour. 


8. Run through, 35, 50, and 80 percent. alcohol, ten minutes in each. Then 
place in 80 or 85 percent. alcohol for preservation. 


In “running”’ large parts of the exoskeleton through the alcohols, 
it is possible to have it harden into desirable shapes, by means of 
stuffing with absorbent cotton. Practice in destaining will enable 
the worker to obtain practically any desired degree of staining. 
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In an attempt to ascertain whether this technique would stain 
Lepisma, an unusually hyaline and feebly sclerotized insect, I found 
that it took much practice to manipulate a Lepisma thorax in solu- 
tions. The stain does differentiate sclerite from membrane in this 
insect (if the thorax is kept below the surface of the solution) but 
not as successfully as in the carolina mantis. However, with 
experimentation as to time per solution in the procedure, it should 
be possible to obtain good differentiation even in Lepisma In one 
trial, by accident, I placed the thorax in iron hematoxylin directly 
from the iron alum. A precipitate formed, but the thorax was stained 
a deep blue, and withstood much destaining. The sclerites remained 
quite dark, while the membrane was colorless. However, in handling 
small material there is some difficulty in keeping track of a tiny thorax 
in the dark precipitate. Sometimes the precipitate forms a coating 
over some parts, necessitating mechanical removal, which has to be 
done rapidly in order to avoid too much destaining. 

The removal of superfluous parts of the exoskeleton aids greatly in 
studying a group of sclerites. For example, in studying the side of 
the thorax, the removal of the opposite side from the one to be studied 
eliminates such difficulties as reflection of light caused by the stained 
sclerites under the intense beam of the condenser-lamp. A _ blue 
sclerite beneath membrane will make the membrane appear bluish, 
thereby causing some confusion. With the opposite side removed, 
and placed upon a white background, the sclerites are quite distinct. 


This note is of the nature of a preliminary report con- 
cerning this technique, and I must say that no attempt has 
been made to study a large number of lightly sclerotized in- 
sects, such as Apterygota, which are extremely difficult to study 
in regard to external morphology because of their hyaline 
cuticula. 





CONOPIDAE FROM NORTH DAKOTA AND THE 
ROCKY MOUNTAIN REGION 


M. C. VAN DUZEE,* 
Buffalo, New York 


This paper contains the description of seven forms of 
Conopidae that seem to be new; three of these are from North 
Dakota, the others from the Rocky Mountain region. They 
form an interesting addition to the North American 
Conopodidae. 

The three new species of Physocephala from North Dakota 
were reared from honey bees by Mr. William W. Barker, of 
Puyallup, Washington, where the types of all the species are 
now deposited. 

I have added a table of species of the North American 
Physocephala, and drawings of the antennal styles of the four 
species of that genus described in this paper. 


Physocephala rubida new species 


Female: Length, 10 mm.; of wing, 8S mm. Front, face, cheeks 
and occiput wholly dark reddish, quite shining, without pollen or black 
markings, except a line of whitish pollen on facial orbits, extending 
from opposite the antennae to opposite the lower end of the facial 
grooves; proboscis reddish with a black tip; antennae reddish, first 
and second joints more yellowish, its joints as 31-70-47, second joint 
two and a fourth times as long as first and one and a half times as long 
as third; third one and a half times as long as first; style (Fig. 3) reddish, 
slightly darker than the rest of the antenna, first and second joints 
large with a long, rather narrow projection on side of second joint, 
third joint rather short and with a rather acutely pointed tip. 

Thorax and scutellum reddish, dorsum of thorax with three wide 
black stripes, separated by reddish lines, median stripe extends from 
the neck to a little beyond the middle of the thorax, the lateral stripes 
begin back of the humeri and extend to a point half way between the 
median stripe and the scutellum. These stripes are rounded in front 
and somewhat pointed behind; metanotum black with upper edge 
widely reddish, this black extends as a line over the base of the halteres 
and on sides of the base of abdomen; sternopleurae black between the 
coxae. Abdomen reddish with some blackish marks on upper part of 
third and fourth segments and with only faint whitish pollen on the 
incisures between third and fourth segments and fourth and fifth 
segments; genital segment reddish with reddish tip and small black 
appendages at apex. Ventral plate large, reaching beyond tip of 


*Died April 21, 1934. 
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genital segment, wholly reddish on the convex anterior surface and 
black on the flat posterior surface. 

Coxae, femora, tibiae and tarsi wholly reddish, base of tibiae more 
yellowish; claws reddish with black tips, pulvilli yellowish; halteres 
pale yellow. 

Wings brownish yellow from first to fifth vein; costal cell gray; 
discal cell clear from far before anterior cross-vein, except narrowly 
along fifth vein; a long clear spot in first posterior cell, beginning before 
the posterior cross-vein; marginal cell mostly clear beyond tip of second 
vein. 

Holotype, female, taken by H. A. Scullen, June 23, 1924, 
at Hermiston, Oregon. 

The irregular enlargement and bending of the femora and 
tibiae in this is not as great as in some species of the genus. 
It is separated from all species known to me by its almost 
wholly reddish color and lack of all pollen on thorax and 


abdomen. 
 —————— ae a, 


1 2 8 4 \_) 


Fig. 1. Physocephala dakotensis, new species, antennal style 
Fic. 2. Physocephala stylifer, new species, antennal style. 
Fic. 3. Physocephala rubida, new species, antennal style. 
Fic. 4. Physocephala ruficornis, new species, antennal style. 


Physocephala ruficornis new species 


Male: Length, 9.5 mm.; of wing, 6.5 mm. Front yellow, vertex 
reddish with a small yellow spot in the middle; occiput reddish with a 
rather wide, dark yellow stripe back of the vertex and extending down 
the posterior orbits; this stripe is not sharply defined. In front of the 
vertex is a rather wide, reddish brown, transverse band, from which 
a moderately wide, black, median stripe runs to the base of the an- 
tennae, where it forks and extends very narrowly down the upper half 
of the sides of the face. Face yellow, facial grooves black, except the 
upper part before they fork, which is whitish; cheeks with a brown 
band, extending from the lower end of the facial grooves, obliquely 
upward to the facial orbits, below this is a yellow spot extending down 
to the reddish border of the lower edge of the cheeks; proboscis reddish 
with a black tip; antennae reddish, first joint yellow, third blackened 
a little at tip above; first joint a little more than half as long as third 
and a little more than one-fourth as long as second. Third joint 
just half as long as second; style (Fig. 4) black, first joint short, second 
very large with a very large, rounded projection on the side, third joint 
rather short and pointed at tip. 

Thorax and scutellum reddish; dorsum of thorax with three broad, 
black, confluent stripes, middle one reaches from the neck to posterior 
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fourth of the thorax, lateral ones begin back of the humeri and do not 
reach the scutellum; metanotum black, broadly reddish on upper edge 
and narrowly on the sides; a large black spot at root of halteres; 
sternopleurae more or less black, reddish below the abdomen as far 
as the coxae; humeri with a small, faint yellow pollinose spot on inner 
side, prothorax with a triangular black spot below each humerus. 
Abdomen reddish, third to sixth segments with a black spot above, 
that on third and fourth segments large, on fifth moderately large and 
on sixth small and poorly defined; genital organs and the small ventral 
extension of fifth segment reddish. 

Coxae dark reddish and somewhat blackened, front coxae mostly 
black on anterior surface; femora, tibiae and tarsi reddish, tarsi black 
towards their tips; basal half of hind tibiae yellow, base of fore and 
middle tibiae yellowish red; claws black, a little reddish on basal half, 
halteres pale yellow. 

Wings blackish from first to fifth vein; the cells along the posterior 
margin of the wing tinged with blackish brown; the black color fills 
out the entire discal cell and also the whole second posterior cell to the 
wing margin. 


Holotype, male, taken by William W. Baker, June 23, 
1926, at Fargo, North Dakota. 

Near sagitiaria Say. But that species has first and third 
antennal segments of nearly equal length, second posterior 
cell mostly clear, occiput, legs and abdomen mostly black. 


Physocephala dakotensis new species 


Male and female: Length, 10-12 mm. Front yellow, vertex 
reddish with a small, more or less distinct yellow spot in the middle, 
a black or reddish, transverse band below the vertex with a median 
black line extending to the antennae, where it forks, extending as a 
narrow line on the sides of the face for a short distance; occiput reddish, 
sometimes brown or blackish around the neck; cheeks with a reddish 
or brown stripe reaching from the median groove just below the facial 
grooves to the orbits. Below this is a yellow, or yellowish, nearly 
square spot, which reaches down to the red of the occiput, and up over 
the lower edge of the cheeks. Face is yellow with black facial grooves 
and a narrow line of pollen on lower half of facial orbits, this grayish 
pollen extends up along the posterior orbits nearly to the vertex and 
very narrowly along the orbits below the eyes; proboscis reddish, 
black at tip and on upper and lower edges; antennae yellow, third 
joint blackened on apical half of upper half, third joint one and three- 
fifths times as long as first, second three times as long as first and one 
and four-fifths times as long as third, style (Fig. 1) with first joint very 
short, ringlike, second joint large with a large, rounded projection, 
which is somewhat parabolic in outline, third joint tapering rapidly 
into an acute point; joints of antennae about as 25-76-41 for large 
specimens and as 18-60-35 for small ones. 
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Thorax and scutellum reddish, dorsum with three broad black 
stripes, which are usually confluent or very narrowly separated, the 
middle one reaches from the neck to the middle of the dorsum, lateral 
ones begin back of the humeri and do not reach the scutellum; meta- 
notum black with reddish edges; sternopleura, sternum and most of 
the coxae black; humeri reddish with golden yellow pollen, which ex- 
tends nearly to the median black stripe; abdomen reddish, most of 
first segment, but sometimes only the base, basal part of second seg- 
ment on the dorsum, third, except the narrow basal portion and a 
broad posterior margin, fourth, except narrow basal and wide posterior 
margins, most of fifth segment and a very narrow basal line on sixth 
black. Hind margins of first to sixth segments with golden yellow 
pollen; sixth segment is largely golden yellow pollinose; in the female 
the genital segment is shining reddish with a shining black tip, the 
ventral plate large, black with outer basal angle reddish; ventral pro- 
jection in the male short, black with extreme edge and lateral corners 
reddish. 

Legs and feet yellow, base of femora and apical part of tibiae more 
or less reddish; inner side of hind tibiae a little blackened at tip; all 
tarsi with last joint black, sometimes there is also a little blackish 
on some of the other joints; claws black; pulvilli brown; hind coxae 
largely and outer surface of apical part of front tibiae silvery white 
pollinose; halteres pale yellow. 

Wings brownish black from the costa to fifth vein; discal cell clear 
from before the anterior cross-vein, except along the fifth vein; sometimes 
the discal cell is a little shaded with brown, especially near fourth vein 
and on posterior cross-vein; a clear spot in first posterior cell, from 
near the posterior cross-vein half way to wing margin; marginal cell 
with a lighter shade of brown on costal edge. 


Holotype, female, allotype, male and one female paratype 
were taken by William W. Baker, June 23, 1926; two female 
paratypes taken June 27, 1926, and one pair of paratypes, 
June 12, 1926, all taken by William W. Baker; one male para- 
type was taken by O. A. Stevens, July 21, 1910, all taken at 
Fargo, North Dakota. 

P. dakotensis comes near marginatus Say, but that species 
has first and second joints of the antennae of nearly equal 
length. 


Physocephala stylifer new species 


Female: Length, 9 mm.; of wing, 7 mm. Front yellow, vertex 
reddish with a transverse black line in front, which is widest in the 
middle and with a black median stripe running to the antennae, where 
it forks, decending on each side of the upper part of the face; occiput 
reddish; face yellow with a whitish pollinose line on the upper half 
of orbits and extending on the frontal orbits to the vertex. Facial 
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grooves black on lower ha lf, somewhat brown above; cheeks with a 
reddish brown, oblique stripe extending from ‘lower end of facial grooves 
to the orbits, the yellow below extending to lower edge of cheeks, but 
is slightly darker than the rest of the face; proboscis red lish brown with 
edges and tip black; antennae yellow, not darkened at tip, its joints as 
20-73-28, second joint three and six-tenths times as long as first, and 
two and six-tenths times as long as a third joint one and four- 
tenths time as long as first; style (Fig. 2) black, first and second joints 
short, projection on side of second joint long and rather slender, 
distinctly enlarged at tip, third joint long, acutely pointed at tip. 

Thorax and scutellum reddish, dorsum of thorax with three wide, 
nearly confluent black stripes, median one extends from the neck to 
apical third of dorsum, lateral stripes begin back of the humeri and 
extend posteriorly a little beyond the median one; humeri covered by 
and naiweniind by golden yellow pollen, which extends as far as the 
median black stripe and over he front of the prothorax to the neck, 
except a small black spot below each humerus; lower half of metanotum 
black, the black notched above in the middle. This black extends 
around the base of the abdomen on the sides. Below the abdomen 
as far as the coxae is reddish; sternum, sternopleurae and all coxae 
black, hind coxae silvery white pollinose, fore coxae anteriorly white 
pollinose. Abdomen reddish, first segment black at base, second with 

blackish spot above near base, third with a large black spot above, 
which extends over the sides beyond the middle, fourth a little in- 
fuscated above, fifth segment black above on basal half; narrow hind 
margins of first to fifth segments yellow pollinose, sixth segment largely 
but not thickly covered with yellow pollen; genital segment reddish with 
a shining black tip, ventral plate large, black with lateral basal angles 
reddish brown. 

Legs and feet reddish, yellow on base of tibiae, front tibiae silvery 
white polinose on outer side near tip; claws black, pulvilli brown; 
halteres yellow. 

Wings blackish from costa to fifth vein, costal cell slightly paler; 
discal cell clear from before the anterior cross-vein, except along the 
fifth vein, on right wing the black along fifth vein is wider and is en- 
larged into a large blackish spot, which begins before posterior cross- 
vein and extends almost to wing margin on fifth vein; there is a small 
clear spot in first posterior cell and a slightly paler spot in the marginal 
cell. 

Holotype, female, taken by William W. Baker, June 12, 
1926, at Fargo, North Dakota. 

This differs from dakotensis in the proportional lengths of 
the antennal joints and in the form of the style and its pro- 
jection, it has less black on the legs, more golden pollen on the 
humeri; the space below the abdomen is reddish and all coxae 
black. In dakotensis the middle and hind coxae are largely 
reddish. 
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KEY TO NORTH AMERICAN SPECIES OF PHYSOCEPHALA 
Front, occiput, face and antennae wholly reddish, without yellow or 
black markings. (Oregon)...... ; y eas ; rubida 
Promt DIACK.........0265 i ; 2 
Front yellow, or ye 2 with black stripes, face yellow, sometimes facial 
grooves _ ke ned... . 3 
Thorax and abdomen shining black, not pollinose; face without golden 
yellow pollen, except on the orbits (Mexico ..carbonaria Bigot 
Thorax more or less yellowish pollinose, opaque; face distinctly golden 
yellow pollinose (Mexico) nigrifacies Bigot 
Brown of wing fills the discal cell, reaching bey ond the posterior cross- 
vein ; aceasta cists means er 4 
Brown of wing fills out discal cell, but outer part with a much lighter shade 
in the middle.......... 4 cena a - 
Brown of wings do not fill out the discal cell, not reaching anterior 
cross-vein or much beyond it, except along fifth vein...... ean in 
Cheeks uniformly black; pollen of the humeri indistinct (Eastern), 


tibialis Say 

Cheeks with a yellow spot, brown or reddish above and usually - a ne 
First and third antennal joints = nearly equal length, each scarcely half 
as long as second; occiput black; abdomen mostly black cam 

Mexico) eae ; Sagittaria Say 
First antennal joint ; a ‘little over half as long as third, which is half as long 
as second; occiput reddish yellow; abdomen almost wholly reddish 


(North Dakota) Pe OTE TET eee rer rr errr .. .ruficornis 
Facial grooves blackened. : sta Sr Cea ee is nee oe ane ee 
Facial grooves not at all blac kened ~ =o 
First and third antennal joints of nearly equal le ngth; “occiput black; 

costal cell pale brownish (New Hampshire)... ......Marginatus Say 
First antennal joint about half as long as third; occiput reddish (North 

Dakota); costal cell not paler than the rest of the wing........ dakotensis 
First and third antennal joint of nearly equal length... paiva <7 
First antennal joint one-third, third half as long as second (Utah, Wash- 

ington, California). . patuasee — ; Conan Van Duzee 


Length, 10-11 mm.; thoracic stripes wide, confluent or nearly SO; pro- 

jection on second joint of style broad (Kansas, California, Washington), 
affinis Williston 

Length, 16 mm.; one broad, median, black stripe on thorax; projection on 
second joint of style long and rather narrow (Texas)....texanus Williston 
Cheeks uniformly biack or reddish coke 

Cheeks with a yellow spot between a reddish or brown spot above and 
the reddish or brown lower edge of cheeks. Sometimes wholly yellow. .16 


Abdomen wholly or mostly black.......... 5 leh ener he Blea a ireeterig igs 
Abdomen and thorax 1z argely IR es Swans anesde cece can enee iicdeecceee 
Vertex reddish; second joint of style slender; abdomen opaque black 
ES Ee re ree ee ny ee eee sororcula Williston 
Vertex black; second joint of sty le short and thick; abdomen somewhat 
NNR soc oa 5 cdc ae EN TRAE RSMAS RNC ERS lucida Van Duzee 
Cheeks slightly yellowish in the center; first and third antennal joints of 
nearly equal length (United States and Mexico).......... affinis Williston 
ces Ge CEO C0 WR CED icra dnc da cceaecosabass euneastccehea 14 


Front with a deep black transverse and narrower divaricate stripe; dark 
colored species; first antennal joint less than one-third as long as 
second, third half as long as second (Eastern)......... furcillata Williston 

Front with narrower reddish stripes, or wholly yellow, lighter colored 
ahi ok sea ae ee nves Pen ee ROWs EES OWE Sea hee a ee A eee meee eee 15 

First antennal joint less than one-third as long as second, third as long or 
slightly longer than second (California)............ brevirostris Van Duzee 

First antennal joint scarcely one-third as long as second, third joint 
hardly half as long as second (California, New Mexico). .burgessi Williston 
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16. ae and face ances yellow, lower part of posterior orbits darker 


California)..... aurifacies Van Duzee 
C heeks with a yellow spot, having a brown or reddish band above and 
below a 


7 
Thorax and abdomen opaque bl. uck; se ‘egments three to five with a nz larrow, 


light yellow posterior margin (Mexico) xanthops Williston 
Thorax ula dannen tees reddish... ; TE PREG es 
Posterior surface of metanotum reddish with several black spots edb ceeeeee 
Metanotum red on upper and lateral edges, black on posterior —s e, the 

black forming a large square spot, which is sometimes nearly divided 

by a fine reddish line aeecus cee 
a with a cordace mark and lateral spots; mesonotum with 


three black vittae (Mexico) . ee ........0chreiceps Bigot 
Mets oe with a triangular spot. and a line above black; mesonotum 


with one black stripe (Texas, Canada?)..... ay texana Williston 
First and third antennal joint of somewhat equal length 
Third antennal ee at least one-third longer than first 


Facial grooves black (Eastern) : ; . marginata Say 
Facial grooves not or scarcely infuscated a 22 


First antennal joint half, third more than half, as s long 2 as second (Western. 


States, Mexico) ’ és . .affinis Williston 
First antennal —_ nearly one- -third, third ; a ‘little ‘less than half as long 

as second (Utah, California, Washington) buccalis Van Duzee 
Faci od aeeaeeae tea are Sate aed es 24 
Facial grooves not infuse ated. cline ae 
Projection on second joint of style broad, regularly rounded from the 


base (North Dakota) : secede eee 4 . .dakotensis 
Projection on second joint of style, twice as long as width of base, slightly 

clavate, rather slender (North Dakota).....-.. Set. 
First antennal joint about one-third as long as second, half as long as 


third (Western). ...Simulans Van Duzee 
First antennal joint about one-third as long as second, two-thirds as long 


as third joint (Idaho).................. ...-humeralis Van Duzee 


Oncomyia longipalpis new species 

Male: Length, 5 mm. Front yellow, black at vertex, the black 
extending down on the sides a little below the ocellar tubercle, a very 
narrow line of silvery white pollen extends up the lower three-fourths 
of the frontal orbits, front with a few long delicate, black hairs; occiput 
black with long black hair; face and cheeks pale yellow with a few 
rather long, pale hairs on lower edge, cheeks and sides of face silvery 
white pollinose, this pollen extends up the lower fourth of posterior 
orbits; antennae black with lower edge of outer surface and most of 
inner side of second and third joints yellow, tip of third joint on inner 
side brownish, joints of antennae as 9-21-16, style black, placed near 
middle of third joint, as long as width of that joint and a little pube- 
scent; proboscis black, its segments of about equal length, each about 
one and a half times as long as head-height; palpi a little longer than 
first antennal joint, a little clavate, black with rather long hairs. 

Thorax and abdomen black, but appearing a soft brownish black, 
on account of the thin whitish pollen, humeri and sides of abdominal 
segments with the pollen thicker, dorsum of abdomen nearly bare, 
its apical segments and sides with long whitish hair, genital segment 
below shining black, venter a little reddish. 
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Legs and feet black with narrow base of all tibiae reddish, first 
joint of tarsi more or less reddish yellow, especially the anterior surface 
of posterior basitarsi, in the paratype the basal half of hind femora 
and lower surface of front femora is also reddish; pulvilli whitish. 

Wings grayish, only a very little yellow at base; first posterior 
cell open; anterior cross-vein at the middle of the discall cell; vein 
closing second basal cell considerably beyond the vein closing anal 
cell; petiole of the anal cell a little longer than the posterior cross- 
vein; last section of fifth vein as 13, of posterior cross-vein as 17. 


Holotype, male, taken by William W. Walker, July 22, 
1930, at Spanaway, Washington; one male paratype was taken 
by H. A. Scullon, August 22, 1924, at Corvallis, Oregon. 

This comes near terminalis Van Duzee, which was described 
from four females, both having the palpi long and clavate. 
Terminalis differs in having the front coxae largely yellow, 
front black on more than upper half, cheeks with a brown 
edge, thorax and abdomen shining black with black hair. 
It seems impossible for these to be the male of terminalis. 


Oncomyia frontalis new species 


Female: Length, 3.5 mm. Front wholly reddish brown, opaque, 
with a very slender line of silvery white pollen on lower three-fourths 
of frontal orbits; face and cheeks nearly bare, except on oral margin, 
face and cheeks pale yellow, cheeks and sides of face silvery white 
pollinose; antennae slender, black on outer surface, except on lower 
edge, inner side of second and third joints yellow with tip of third joint 
blackish as far as the style, its joints as 7-16-15; occiput black with 
black hair and thin white pollen. 

Thorax and abdomen shining black, dorsum of thorax with black 
hair and thin white pollen; abdomen with the hair largely pale; genital 
segment shining black with black hair, ventral plate large, thick, a 
little longer than the genital segment. 

Legs black, basal part of hind femora and the knees a little reddish 
yellow; tarsi wholly black, pulvilli whitish, claws yellow with black 
tips. 

Wings brownish gray, paler gray at root; anterior cross-vein beyond 
the middle of discal cell; vein closing the second basal cell a little 
beyond the vein closing the anal cell, which makes an angle of about 
50° with basal part of sixth vein. 

Holotype, female, taken by William W. Baker, August 17, 
1931, at Puyallup, Washington. 

This is much like aegualis Van Duzee, but the ventral plate 
is much larger, the third antennal joint is one-fourth shorter 
than second joint, the front wholly reddish brown with a 
velvety appearance, and the fore coxae are black. 
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Zodion lovetti new species 


Female and male: Length, 4 mm. Occiput, vertex, proboscis and 
palpi black; face with a few moderately long hairs, front with the black 
hair a little more abundant, it is yellow with the vertex blackened; 
faces and cheeks yellow, posterior orbits, as far forward as the posterior 
orbits and a narrow margin below brown or reddish brown, with a very 
few small black hairs and a few small pale hairs on the lower part of 
the facial grooves, but the whole face and cheeks appear nearly bare. 
Proboscis about one and a half time as long as height of head; palpi 
slender, nearly as long as third antennal joint and of nearly equal 
width throughout, not clavate (cannot see the palpi of the female very 
well, but they appear to be the same as in the male); the antennae in 
the male are black on outer side and apical half of third joint on inner 
side, the inner side of second joint and basal part of third yellow, in 
female the outer side of second and third joints are more or less yellow, 
inner side beyond the style brownish, antennae scarcely more than 
half as long as the front, the joints as 6-9-13, third joint oval, its style 
at apical third, not as long as width of joint. 

Thorax and abdomen wholly black, their hair mostly whitish, 
dorsum of abdomen nearly bare, the sides and especially the whole 
of the apical segments with the hair long and abundant, the male 
genital organs black with a central white bristle, in the female the 
genital segment is shining black with its lower part and lower edge 
of the dorsum of abdomen reddish, venter of abdomen yellow; ventral 
plate of female dull black and short, but quite broad. 

Legs and feet wholly black, except that the knees are a little reddish 
brown; calypters yellowish brown with white hairs; knobs of halteres 
yellow, their stem brownish. 

Wings gray, yellow at base, first vein and the costal cell mostly 
yellow; anterior cross-vein just beyond the middle of discal cell; first 
posterior cell closed near the wing margin, its petiole about as long as 
wide; second basal cell two-thirds as long as anal cell; first basal cell 
ends opposite the tip of first vein; the vein closing the anal cell makes 
an acute angle with basal part of sixth vein; last section of fifth vein a 
little more than two-thirds as long as posterior cross-vein. 


Holotype, female, and allotype, male, were taken by A. L. 
Lovett, August 17, 1928, at Ft. Collins, Colorado. 

This is much like abdominalis Say, but that species has 
the abdomen of the male mostly reddish or pale yellow, its 
palpi short and third antennal joint wholly yellow; the length 
of the palpi is the surest way to separate the species. 
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In all the work that has been done in recent years on the 
use of the Hymenopterous egg-parasite, Trichogramma minutum 
Riley, in the control of insect species, no comprehensive study 
of the biology of the species under controlled laboratory con- 
ditions has appeared. It was with the purpose of contributing 
to such a study that the present work was undertaken. 

In the experiments reported here, the two races of the 
species under consideration—a race from California, whose 
females are a lemon yellow when reared at high temperatures; 
and a gray race from Louisiana whose females remain a com- 
paratively dusky color even when reared at high temperatures— 
were reared in the eggs of the Angoumois grain moth, Sitotroga 
cerealella Oliv., for their entire developmental period at four 
constant conditions of both temperature and humidity. Data 


1The writer wishes to express his debt of gratitude to Mr. A. C. Hodson for 
the suggestion of the problem and for his subsequent advice and help; to Mr. S. E. 
Flanders, of Riverside, California, for the parasite and host material used in these 
experiments; to the graduate students and faculty members of the Division of 
Entomology, who have generously given time and energy to the furtherance of 
these experiments; and to Dr. C. E. Mickel, to whom the writer is directly indebted 
for much advice and criticism and for the opportunity of carrying on the work. 
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were taken on the length of the life-cycle, the sex ratio, the 
mortality of the parasites, and the mortality of the unparasitized 
host eggs which were used as checks. 

The temperature cabinets used were controlled by toluene— 
mercury thermostats and certainly did not vary significantly 
more than 1° C., the ordinary fluctuation probably not exceed- 
ing one-half degree Centigrade. The temperatures used were 
as follows: 32°, 27°, 22°, and 17° C.—two experiments also 
being run at 12°C. 

The relative humidity was controlled by means of sulfuric 
acid solutions in small desiccators. These were kept tightly 
sealed with petroleum jelly and were opened only for as long 
as was absolutely necessary in making observations. Con- 
ditions of 30, 50, 70, and 100 percent relative humidity were 
used. 

The parasites were reared in two and one-half inch shell 
vials, the cork stoppers of which were bored with a quarter 
inch cork-borer and the openings covered with patches of fine 
silk bolting-cloth. An insect mounting-pin, stuck through 
each cork, extended into the center of the vial. The small 
pieces of filter paper bearing the parasitized moth eggs were 
stuck on these pins and thus prevented from coming into 
contact with the sides of the vials. The vials were matched 
up in triplicate, care being exercised to see that the one cork 
fitted securely into each of the three vials. 

That light exerted no significant influence on the results of 
the experiments is indicated by the fact that parallel experiments 
run in desiccators covered with opaque paint and those not 
so treated showed no significant differences. 


HOST REARING TECHNIQUE 


The methods for rearing the host moths, Sitotroga cerealella Oliv., 
were essentially those originally developed by Mr. S. E. Flanders and 
reported in the literature by him. The moths were reared in shelled 
corn and collected in fruit jars by means of a vacuum trap. They 
laid their eggs in the crevices between two sheets of filter paper, the 
innermost of which bore numerous perforations, and both of which 
were held firmly in place under the fruit jar lid. 


EXPERIMENTAL PROCEDURE 


A large number of moth eggs was parasitized on a given date and 
placed in a desiccator at 70 percent relative humidity for development. 
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When the development had proceeded to such an extent that the 
parasitized eggs were readily recogrizable by their black coloring— 
eggs parasitized by Trichogramma invariably turn black—approxi- 
mately fifty black eggs were placed in each of a certain number of 
“parasitizing’’ vials—the first set of the triplicate system mentioned 
above—and returned to the desiccator for further development. A 
few of these vials were then examined daily for emergence, and late 
in the evening of the day on which the first adult parasites were found 
in the vials, fresh moths were collected in the oviposition jars. 

The filter papers were removed from under the lids of the oviposition 
jars the following day and were cut into little pieces, each bearing 
approximately 150-200 fresh moth eggs. Each little paper of eggs 
was then gone over carefully under the high power objective of a Bausch 
and Lomb binoculars (x30) and all eggs which did not appear to be 
perfectly healthy (properly colored, full and plump, and with the 
proper sheen) were carefully removed with a sharp teasing needle. 
The bits of paper bearing the carefully selected eggs were then threaded 
onto the pins which extended from the corks into the interior of the 
rearing vials. These pins were then bent in such a way that the egg 
papers came firmly into contact with the inner walls of the vials. 

When all the egg papers to be used in a given series of experiments 
were prepared as described, the vials bearing the egg papers were 
matched’ with the corresponding “parasitizing’’ vials bearing the 
adult parasites which had started to emerge on the day before. 

As rapidly as possible, then, the “parasitizing’’ vials were—each 
in its turn—rapped sharply on the table to cause the adult parasites 
to drop to the bottoms of the vials, and the corks of the “ parasitizing”’ 
vials were removed and replaced with the corks bearing the insect 
pins and their egg papers. The moth eggs were then left exposed 
to the parasites, each paper touching the inside wall of a “ parasitizing”’ 
vial where it was readily available to even the least venturesome of 
the parasites, usually for a period of two hours. At the end of this 
time, the “parasitizing” vials were again rapped on the table and 
the corks bearing the moth eggs were removed. Any adult parasites 
clinging to the egg papers were then carefully removed with a small 
camel’s hair brush. The eggs were again examined under a binoculars 
to insure their freedom from adult parasites and from any possible 
injury during the parasitizing procedure; and the eggs were replaced 
in the original vials, the pins being bent this time in such a way that 
the egg papers could not touch the sides of the vials. 

The vials containing the moth eggs which had been parasitized 
within a known two-hour period were then placed at the desired 
temperature and humidity. At the same time, papers bearing care- 
fully selected, unparasitized moth eggs were placed in vials in each 
desiccator. 

From three to ten days later, depending upon temperature, all 
the parasitized eggs had turned black. While these were being counted, 
the unparasitized eggs were destroyed with a sharp teasing needle. 
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To make accurate counting of the emerged parasites possible the 
outside of the vial was marked off into sections with a wax marking 
pencil and the insides of the vials were smeared with a drop of clear, 
odorless mineral oil 1n which the adult parasites became entrapped 
immediately upon emergence. 

After this procedure was completed, the vials were returned to their 
proper desiccators, where they remained undisturbed until shortly 
before the first parasites might be expected to emerge. This time was 
determined approximately by preliminary experiments. 

In the experiments conducted at 32° and 27°C., the vials were 
examined every four hours until the first emergence was noticed, and 
thereafter at two-hour intervals. At 22°C., where emergence was 
slower and the length of the life-cycle longer, the vials were examined 
every four hours throughout the period of emergence. At 17°C., 
examinations were made twice daily; and at 12°C., the vials were 
examined daily. 

At each examination, the total number of parasites stuck in the 
oil coating the insides of the vials was counted, the actual number 
emerging during each interval between examinations being later de- 
termined by subtraction. When the emerged parasites in any vial 
reached the number of about 40-50, the cork was merely changed to a 
corresponding matched vial, thus reducing the number of parasites 
that it was necessary to count at each observation. 

When emergence was complete, the number of female parasites was 
counted to determine the sex ratio and all of the black eggs were care- 
fully slit open under a binocular microscope with a needle sharpened 
into a tiny, bladelike point. In this manner, the actual number of 
black eggs containing dead parasites was determined. 


EFFECTS OF TEMPERATURE AND HUMIDITY ON THE 
DEVELOPMENT TIME 


A, Temperature.—Although many observations of a general nature 
have been made by various entomologists on the effect of temperature 
upon the length of the developmental period of Trichogramma, the 
exact temperatures were not usually recorded; and never, apparently, 
has Trichogramma been reared under controlled laboratory conditions 
and, at the same time, under a wide variation of temperature. 

The complete data for the experiments on the time required for 
the development of Trichogramma are summarized in Tables I and II. 
Table I summarizes the experiments on the California yellow race and 
Table II those on the Louisiana gray race. It will be noticed that the 
time required for development increases regularly with a decrease in 
temperature. 

To determine whether a preponderance of either sex in any particular 
experiment might affect the length of the life cycle, the males and 
females in experiment No. 53 (27°C. and 70 percent R. H.—gray 
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race) were counted separately as they emerged. The following results 
were obtained: 


Number of Length of Life Cycle Range Standard 

Parasites Average) Hours Deviation 

Emerged Hours (Hours 
Total... 180 194.2 1 7-241 9.91 
Males scala 62 194.3 179-229 9.87 
Females so 118 194.1 177-241 9.92 


This experiment would seem to indicate rather definitely that there 
is at least no very pronounced difference in the developmental rates 
of males and females at 27°C. and 70 percent relative humidity. 

In addition, two experiments were run on the yellow race at 12°C. 
and 70 percent relative humidity. The results were as follows: 


Number of Average Life Average Life Range Standard 
Parasites Cycle (Hours) Cycle (Days) Hours) Deviation 
4 1449 60.4 1415-1551 are 
44 1303 54.3 1245-1459 65.1 


Discussion An excellent summary of the voluminous work on 
the relation of temperature to the development of insects in general 
has been presented by Uvarov (1931). 

Suffice it to say that numerous formulae and mathematical curves 
have been developed by various authors to fit their particular data. 
Of these, the most useful—-even though there may persist some debate 
as to whether it is also the most accurate description of the phenomena 
involved—is the thermal constant hyperbola of Krogh. The formula 
for this curve merely states that the product of the time required for 
development and the effective temperature (temperature degrees above 
the threshold of development) is a constant. Thus the relation be- 
tween the temperature and the reciprocal of time (the amount of 
development per unit time, or rate) is within certain limits, a straight 
line function, the rate at very high temperatures being lower than 
would be expected, and at very low temperatures being higher than 
would be expected. 

For various reasons, it was decided early in these experiments to 
use relative humidity as a measure of moisture rather than saturation 
deficiency—the measure recently championed by Buxton (1931, 1931a, 
1932). This choice was unfortunate in that it limits accurate com- 
parison of experiments at different temperatures to those carried out 
at 100 percent relative humidity (saturation) or to those in which the 
relative humidity used can be converted into terms of a saturation 
deficiency for which comparable values can be found at other 
temperatures. 

In Figures 1 and 2, the hyperbola and the time-reciprocal have 
been plotted for two constant moisture conditions for each race— 
100 percent relative humidity (saturation) and about 10.0 mm. satura- 
tion deficiency. 

Distinct tendencies toward a sigmoid curve are evident. That 
17°C. is below the lower temperature for “normal” development 
seems to be supported by the data on mortality (Table III), from which 
it is evident that a large percentage of the parasites fail to complete 
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their development at this temperature. The same is very obviously 
true of 12°C. 

That 32° C. is somewhat above the upper limit of ‘normal’’ develop- 
ment is also apparently the case from the mortality table; and the 
observation was recorded several times during the course of the experi- 
ments that parasites reared at 32° C. appeared to be weaker and less 
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vigorous than those reared at 27°C. In the light of these considera- 
tions, it appears probable that for Trichogramma the median tem- 
peratures for which the thermal constant theory holds extend over a 
range of only about 10° C., i.e.: from approximately 20-30° C. 

By the extension of the median segment of the curve to the base- 
line of zero development, the theoretical threshold of development is 
shown to be approximately 15°C. The following values were calculated: 

Gray Race Yellow Race 


100% relative humidity 15.4° C. 14.3° C. 
About 10.0 mim. sat. def...ccccccccvccssccee 168°C. 15.3° C. 
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B. Humidity.—-No work on the effects of various controlled humid- 
ities upon the development of 7Trichogramma has been reported in the 
literature. 

Reference again to Tables I and II will show that in general the 
time required for development at any particular temperature bears an 
inverse relation to the relative humidity and is regular enough in 


most cases to appear significant. This is especially true of the 32° 
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Fic. 2. Hyperbola and temperature-rate curve for the yellow race 


and 22°C. experiments. At 17°C., the development of the parasites 
is sufficiently irregular to obscure any consistent humidity relations. 
Discussion.—Buxton (1932) gives an excellent discussion of the 
various effects of humidity upon insects. He points out that very little 
work has been done on the relation of relative humidity to the length 
of time required for the development of larvae and pupae, considerable 
work having been done on eggs. He cites work by Hennings (1907), 
who found that certain beetle pupae (Jps tyvpographus L.) require a 
longer time for development in dry air (55 percent R. H.) than in 
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moist air; and work by Headlee (1917), who found, to the contrary, 
that pupae of Sitotroga cerealella Oliv. and Mvylabris obtectus (Say) 
require a shorter time for development in dry than in moist air. He 
concludes that, “Taking the available facts, it appears certain that 
the efiect of lower humidity is the opposite to that observed by 
Hennings.” 

Payne (1932), however, found that at 15°, 25°, and 35°C., the 
pupal stage of Tenebrio mollilor L. required longer for development 
at 40 percent R. H. than at 60 percent R. H.:; and the evidence pre- 
sented in Tables I and II seems to be in agreement with this and directly 
in line with the data of Hennings. 

If then it be true that the effect of desiccation is to slow up meta- 
bolic processes, then the theory of Bélehradek (1930) may have some 
value as a rational explanation of the physiological cause of the changes 
in rate of metabolism produced by temperature and humidity. He 
believes that the limiting factor in the speed of the reactions taking 
place in protoplasm is the “rate of diffusion in viscous media.” Since 
this rate of diffusion is dependent, among other things, upon the 
viscosity of the medium; and since this, in turn, is dependent upon 
the proportion of water present in the tissues, other things being equai; 
the rates of metabolic processes would logically bear an inverse re- 
lation to the desiccating power of the environment. 

The disagreement of the results reported here with those of Headlee 
(above) may be due to the very specialized nature of Trichogramma, 
being as it is, an organism-within-an-organism. Buxton (1932) presents 
evidence which definitely indicates that the general rule for insect 
eggs is a lengthening of the period of development with a reduction 
in humidity. Sinee the entire developmental period of Trichogramma 
is spent within the eggs of Sitotroga, it may well be that the loss of 
water from the very thin-walled egg, larva, prepupa, pupa, and early 
adult of the parasite is governed by the same conditions which affect 
the loss of water from the surface of the host egg. If such is the case 
then no essential disagreement exists betweer the data presented here 
and that reported by Buxton—-the humidity-relations of all the stages 
of Trichogramma merely following those rules developed for the egg 
stage onlv of insects in general. 

Delay in the emergence of Trichogramma from the host egg may 
be due either to an actual partial desiccation of the parasite or to a 
toughening of the chorion of the host egg, with consequent increase 
in resistance to the emergence of the parasite. This latter possibility 
is supported by the work of Daniel (List, 1930). He found by actual 
measurement that the toughness of the chorion of eggs of Sitotroga 
increased with age and desiccation. 

In general, it will be seen that the differences in humidity produce 
2 proportionately greater effect at the high temperatures than at the 
low temperatures. This, of course, is what might be expected in 
view of Buxton’s recent work, since much greater differences in the 
evaporating power of the air (saturation deficiency) exist at the higher 
temperatures than at the lower. 
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II. EFFECTS OF TEMPERATURE AND HUMIDITY 
UPON THE SEX RATIO 


No consistent relationship between either temperature or humidity 
and the sex ratio was evident. Perhaps larger samples would produce 
more consistent results, but that these would show any definite trends 
seem doubtful. 

The general average sex ratio for 3,927 individuals of the yellow 
race is 0.578 while that for +,235 individuals of the gray race is some- 
what higher, 0.654. 

In experiment No. 49 at 12°C. and 70 percent relative humidity, 
the sex ratio for 44 individuals of the yellow race was 0.568, very close 
to the general average. This would seem to indicate that cold-storage, 
at least at 12°C., has no unfavorable effect upon the sex ratio. 


II. EFFECTS OF TEMPERATURE AND HUMIDITY 
UPON THE MORTALITY 

Practically nothing has been done on the survival potential of 
Trichogramma at a wide variety of temperature and moisture con- 
ditions. 

The data on the mortality in the gray and yellow races and on the 
unparasitized host eggs is summarized in Table III. Each average is 
based upon a number of individuals varying from 137 in one case to 
eight or nine hundred in several instances, with an average of 424. 

It was necessary to take certain precautions in determining the 
mortality of the parasites. Since some of the eggs laid by the moths 
were invariably undersized, abnormally shaped, injured by mites, 
peculiarly colored, wrinkled, partially collapsed, or otherwise mal- 
formed, the host eggs were carefully selected for a healthy appearance 
before they were exposed to the parasites. This was done in order to 
reduce to a minimum any mortality factor inherent in the condition 
of the host egg itself. In selecting the eggs for parasitism, all eggs which 
seemed to deviate ever so slightly from the normal, plump, shiny, white 
appearance were discarded. 

When the eggs that had been exposed to the parasites were set 
away for development at a particular moisture and temperature con- 
dition, those that contained parasite eggs could not, of course, be 
differentiated from those that had not been parasitized. Thus it 
was not until the parasitized host eggs turned black in color, an occur- 
rence which seems to take place in the very early pupal stage and when 
about one-third of the development of the parasite is completed, that 
the number of eggs actually parasitized could be determined. For 
this reason, the number of parasites that died in the egg, larval, and 
prepupal stages was not learned, but this number is believed to have 
been very small, since, in a large number of experiments, almost all 
of the uncolored host eggs produced moth larvae, thus indicating that 
they had not been stung. 

When the emergence of the parasites was completed, the egg papers 
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were carefully gone over with a sharpened needle and the number of 
black host eggs dead (containing an immature parasite) was counted. 
This number was divided by the total number of black eggs and multi- 
plied by 100 to give the percent mortality of the parasites. 

Just how small a factor superparasitism must have been in in- 
creasing the mortality of the parasites may be seen from the fact that 
in 2,286 host eggs dissected and found to contain dead parasites, only 
77, or 3.3 percent, contained more than one parasite. In other words, 
at least 96.7 percent of the parasites that died before emergence from 
the host egg must have died from causes other than superparasitism. 


TABLE III 


AVERAGE MORTALITY OF THE GRAY AND YELLOW RACES AND OF THE Host EGcGs— 


WITH RANGE IN NEAREST WHOLE NUMBERS INDICATED IN PARENTHESES. 

















RACE RACE 
Unparasitized | Unparasitized 
a — Host Eggs , Host Eggs 
Yellow Gray | Yellow Gray 
32° C | 27° C. 
: i 
} | 
30% R. H. --| 84.2 | 61.6 17.6 | 53.8 51.3 13.8 
| (28-64) | (43-65) (12-27) |} (41-64) (34-76) (9-23) 
| | | 
50% R. H... | 34.7 | 49.7 10.4 | 8.8 17.0 12.1 
| (22-46) | (20-60) | (6-12) | (4-18) (9-23) * (7-18) 
70% R.H.........] 20.9 4.9 | 13.0 | 14.8 8.4 12.3 
| (17-30) (14-15) | (9-19) || (11-21) (5-12) (8-16) 
100% R. H........ | ws | wa | 10.8 | 13.7 7.8 10.5 
| (4-80) | (14-22) | (9-12) | (11-18) (2-15) (4-17) 
| ! 
| i 
99° | ° 
22° C. | 17°C 
| Z 
90 RE cccexs 3. | 43.0 | 10.7 | 57.2 80.9 18.4 
| (12-28) | (28-72) (3-14) (54-66) (50-81) (10-29) 
| 1] 
60% R. Hi... ccsee 1% | yes 12.4 } 16.1 31.1 21.4 
(6-9) (15-20) (3-16) || (10-22) (31) (12-28) 
70% BR. H...2.0. ; 7.4 | 6.7 9.9 } 13.8 14.9 14.3 
(0-12) | (5-8) | (4-15) || (12-15) (14-17) (13-16) 
100% R. H........ 41 | 49 | 4.6 | 12.9 9.0 7.6 
(1-8) | 4-5) | (0-15) (7-16) (4-22) (5-9) 
| 











In addition to the data presented in Table 


of mortality for the two experiments run at 12°C. 


R. H. were as follows: 


Discuss ion. 


A consideration of 


Table 


III 


III, the percentages 


Number of Percent Number of Percent 
Host Eggs Mortality Unparasitized Mortality 
Black Host Eggs 
19 78.9 338 97.3 
90 51.0 46 54.0 


will show 


and 70 percent 


that the 


mortality of the parasites and unparasitized host eggs generally decreases 


regularly with an increase in humidity at all temperatures 





the mor- 
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tality apparently varying more with humidity than with temperature. 
The mortality is higher at the extremes of temperature and lower at 
2c and 22°C. 

In the experiments conducted at 17°C., and especially in those 
at 12°C., it was observed that a large number of the dead, un- 
parasitized host eggs contained larvae which were apparently almost 
ready to hatch out. Many half-emerged larvae were also observed. 
This is in line with the work of Hase (1930) who found that a long 
exposure of bedbug eggs to a low temperature resulted in a considerable 
number of the eggs developing nymphs which were not able to hatch 
and died in the egg. Carter (1925) obtained the same results with 
eggs of Mylabris obtectus Say. 

The behavior of the unparasitized host eggs is, in general, just 
like that of the parasitized eggs, but all differences are much less pro- 
nounced. The mortality of the host eggs at low humidities is much 
less and differences due to temperature are also much less pronounced. 
This seems to indicate that the factors producing death are not entirely 
those strictly related to the host egg (such as hardening of the chorion). 
It is possible also that the mere puncturing of the host egg by the 
parasite may make the host egg and its inclosed parasite more suscept- 
ible to lethal factors. 

The difference in mortality between the host eggs and Tricho- 
gramma furnishes an illustration of the differential effects of temperature 
and humidity on the development of an insect host and its internal 
insect parasite. This phenomenon of differential effect undoubtedly 
plays an important part in insect parasitism in nature. 


Iv. A COMPARISON OF THE REACTIONS OF THE YELLOW 
AND GRAY RACES TO TEMPERATURE AND HUMIDITY 


A summary comparison of the average lengths of the life-cycles, 
and the average mortality of the two races is presented in Table IV. 

It will be noticed that the gray race is definitely slower in develop- 
ing at 22° and 17°C. and consistently faster in developing at 32°C. 
This is, perhaps, as might be expected since the survival potential of 
the Louisiana form, arising in a warmer climate, would be distinctly 
enchanced by a faster rate of development at high temperatures and 
not seriously diminished by a slower rate of development at lower 
temperatures. The yellow race, however, being exposed to more 
northern climates, would be distinctly favored by the ability to develop 
more rapidly at lower temperatures. Other workers, however, (Peter- 
son, 1930) have found that at summer temperatures (New Jersey) 
the yellow race develops distinctly more rapidly than does the gray 
race. This inconsistency with the above data may be attributed to 
the use of different host eggs or of different dark strains of Trichogramma. 

The mortality of the gray race appears to be more greatly aug- 
mented by humidities of 50 percent and 30 percent than is that of the 
yellow race. At the two higher humidities, the mortality of the dark 
race seems to be slightly lower than that of the yellow race. 
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In addition, the average sex ratio of the gray race tends to be 
somewhat higher throughout the entire range of temperature and 
humidity—the total average for the yellow race being only 0.578 as 
compared with 0.654 for the gray race. 

An interesting possibility suggests itself here for the mathematical 
determination of the optimum condition of temperature and humidity 
for a particular organism. If the ‘“‘optimum condition” be defined as 
that set of conditions under which the population of an organism 
increases at the greatest rate, the following more or less intrinsic factors 
(disregarding factors such as food supply, competition, and biotic 
factors) present themselves as of summary importance: rate of develop 


TABLE IV 


SUMMARY OF DATA ON BOTH THE CALIFORNIA YELLOW RACE AND THE 
LOUISIANA GRAY RACE. 


Ract RACH RACE RACE 
y \ G Yel Gra Yellow Gray Yellow Gra 
aa C. 27° C. Za’ G, iz” C. 


Average Lengths of the Life Cycles in Hours. 


306 R. H. 186.1 174.9 206.8 206.1 347.1 392.8 663.6 761.0 
50°, R. H. 178.4 177.6 196.2 196.2 337.3 367.9 656.6 744.6 
70°, R. H. 171.9 167.0 189.2 197.8 334.7 351.5 711.2 871.4 
100°, R. H 165.3 165.1 198.5 192.8 328.4 348.9 658.5 804.7 
Average Mortality in Percent. 
30% R.H 4.2 61.6 53.8 1.3 18.3 43.0 57.2 80.9 
50°, R. H. 34.7 49.7 8.8 17.0 7.3 18.2 16.1 31.1 
70% R. H. 20.9 14.9 14.8 8.4 aes 6.7 13.8 14.9 
100°, R. H 18.5 15.1 13.7 7.8 1 | 4.9 12.9 9.0 


ment, sex ratio, fecundity, and percent of survival. If all of these 
factors are determined for a variety of temperatures and humidities— 
some factors, perhaps, varying directly and some inversely with tem- 
perature and humidity—and, for each combination of temperature 
and humidity, are multiplied together, that combination which produces 
the highest product would produce the greatest rate of increase in 
population. 

For insects possessing a long life-cycle, the products would have 
to be determined for each stage and possibly for certain parts of each 
stage; but for an insect with as short a cycle as Trichogramma, the 
generations overlap sufficiently in nature to make the effect of any 
particular set of conditions at any particular time the average effect 
on all stages. 

In calculating these ‘optimum products” for Trichogramma, the 
factor of fecundity was necessarily neglected, since it was not de- 
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termined. The products of the rate of development, percent of sur- 
vival, and sex ratio are presented in Table V. 

It will be noticed that for both races the “optimum” condition 
of temperature and relative humidity (considering only rate of develop- 
ment, percent of survival to maturity, and sex ratio) is 100 percent 
R. H. and 32° C.—the decreased survival at 32° C. over that at 27°C. 
being more than offset by the increase in rate of development at 32°C. 
It seems very probable that the optimum combination of conditions 
might be different if the factor of fecundity (including, as it does, the 
factor of longevity of the females) were included in the calculations. 

The products for the gray race exceed those for the yellow race 
at the two highest temperatures and at the two highest humidities of 
the 22° C. experiments. 


, 


TABLE V 


THE OpTIMUM-PRODUCTS FOR THE LOUISIANA GRAY RACE AND THE CALIFORNIA 
YELLOW Race oF Trichogramma minutum AT ALL TEMPERATURES 
AND HUuMIDITIES. 


RACE RAcE Race Race 
Yellow Gray Yellow Gray Yellow Gray Yellow Gray 

32° C. 27° C. 22° C. ae C. 
30% R. H. os 14.21 14.36 12.92 15.15 13.60 11.26 3.73 1.63 
50% R. H. 21.14 18.52 26.88 27.68 15.85 15.19 7.37 6.05 
70% R. H. oe 26.61 33.33 26.00 30.25 16.00 17.99 7.02 6.40 
100% R. H. ss 28.50 33.65 25.14 31.29 16.85 18.28 7.65 7.38 


V. SUMMARY AND CONCLUSIONS 


Two races of the chalcid parasite, 7richogramma minutum 
Riley, were reared in the eggs of the Angoumois grain moth, 
Sitotroga cerealella Olivier, at four difierent conditions of 
humidity (30, 50, 70, and 100 percent) at each of four tem- 
peratures (32°, 27°, 22°, and 17°C.). Data were taken on 
the length of the life cycle, the sex ratio, and the mortality of 
the parasites. The following conclusions are drawn: 

1. The median temperature range for which the thermal 
constant seems to hold for Trichogramma is only from approxi- 
mately 20-—30° C. 

2. The theoretical threshold of development is about 15° C. 

3. The rate of development of T7richogramma within the 
eggs of the host bears an inverse relation to the relative 
humidity. 

4. There is apparently no significant difference between 
the rates of development of males and females at 27° C. and 
70 percent R. H. 
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5. The fastest development occurred at 100 percent R. H. 
and 32°C. 

6. The sex ratio of Trichogramma is affected by neither 
humidity nor temperature—not even by very low temperatures 
(12° C.) as has been suggested by other workers. 

7. The mortality of both the parasite and the host increases 
with a decrease in relative humidity, the mortality of the 
parasite much more markedly than that of the host. 

8. The mortality of the parasites increases at both extremes 
of temperature, 32° and 17°C. 

9. The factors producing the death of the parasites are 
not necessarily identical with those producing the death of 
the host eggs, since the mortality of the parasitized eggs is 
much more variable with temperature and humidity than is 
the mortality of the unparasitized eggs. This differential 
effect of physical factors upon host and parasite is of interest 
as a laboratory demonstration of a phenomenon which is 
undoubtedly very important in nature. 

10. The Louisiana gray race develops more slowly than the 
California yellow race at low temperatures and more rapidly 
at high temperatures. 

11. The average sex ratio of the gray race (0.654) is some- 
what higher than that of the yellow race (0.578). 

12. The mortality of the gray race is greater than that of 
the yellow race at the lower humidities and slightly less than 
that of the yellow race at the higher humidities. 

13. The optimum condition of temperature and relative hu- 
midity (considering only rate of development, percent of survival, 
and sex ratio) is 100 percent R. H. and 32° C. for both races. 

14. The biotic potential (as represented by the very in- 
complete calculations of ‘‘optimum products’’) of the gray 
race is more strikingly affected by a lowering of the relative 
humidity and the temperature than is that of the yellow race. 
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BOOK NOTICE 


PLANT PARASITIC NEM: ATODES AND THE DISEASES THEY CAUSE 
by T. GoopEy. Published by E. P. Dutton and Company, New York, 
1933. 306 pages, 136 text figures. Price, $6.75 

This book constitutes a landmark in the little-known science of Nematology, 
and for the first time we have a work that may be used as a text and reference in 
the study of this important group of plant parasites. Dr. Goodey wisely begins 
with a general chapter on the place of nematodes in the animal kingdom, their 
morphology, technique of preparing specimens, methods of measuring and general 
systematics of the species under consideration. The following chapters give a 
resume of the more important information on all known plant parasitic nematodes 
with a discussion of the life history, symptoms, pathology, hosts, distribution 
and control of each species. Chapters II and III deal with species of Anguillulina 
attacking shoot structures. These include the wheat nematode, A. tritici, the 
bulb or stem nematode, A. dipsaci, and 14 other species. IV. Species of Anguillu- 
lina Attacking Roots. Of these A. pratensis, with over fifty hosts, is the most 
commonly known species. The citrus nematode, Tylenchulus semipenetrans, 
is also included. V and VI. Heterodera Species Attacking Plants. Special 
consideration is given the races of H. schachtui attacking sugar-beets, oats, peas 
and potatoes. Thirty pages are devoted to H. marioni, the root-knot or garden 
nematode, one of the most destructive plant parasites known. Over 800 hosts 
have been recorded for this species, including the major portion of our cultivated 
plants. VII. Species of Aphelenchoides Attacking Plants. Of seven species 
listed the strawberry and chrysanthemum nematodes are probably most frequently 
encountered. VIII. Nematodes other than Obligate Parasites. Fifty species 
from 29 genera are discussed in this chapter, giving the reader a good cross section 
of the general nemic fauna of the soil. Those known to be parasitic or semi- 
parasitic, but of doubtful pathogenicity, comprise over half this number. Rep- 
resentative saprophytic species, frequently found associated with plant diseases, 
are included. The predators, a most interesting group feeding upon nematodes, 
oligochaetes and other mic - fauna, probably exercise some control over plant 
parasitic forms. IX. The closing chapter presents a short discussion of the 
puzzling and little-known subje ct of biologic races, based principally upon certain 
forms of the sugar-beet and bulb nematodes. There are evidences of polyphagous, 
moderately specialized and highly specialized races which cannot be separated 
by definite morphological characters. Each chapter is followed by a bibliography 
of the more important references. 

Figures have been carefully selected to aid the reader in identifying the 
species by their morphology and to illustrate specific host symptoms. 

One is impressed by the inadequate existing information concerning the 
biology of such economically important plant parasites and the need for further 
research is emphasized repeatedly in the lack of definite, practical control 
methods. The entomologist, frequently coming in contact with nemic plant 
parasites, will find the book covers a long-felt need.—GERALD THORNE. 





THE ARTIFICIAL FEEDING OF THYSANOPTERA! 


K. SAKIMURA AND WALTER CARTER, 


University of Hawaii, Honolulu, Hawaii. 


Recent investigators, among them Borden (1), Peterson (5) 
and Wardle & Simpson (6), have claimed that the mouth- 
parts of Thysanoptera are used entirely for sucking, in con- 
tradistinction to the claims of earlier writers that Thysano- 
pteran mouthparts were an intermediate between the sucking 
and chewing types. Some recent studies with Thrips tabact 
L. confirm the more recent evidence. Thrips tabaci L. has 
been successfully reared by feeding the insect on sucrose 
solutions contained in tubes capped with fish-skin membranes 
as described by Carter (2), (3). The solutions used consisted 
of 3 per cent cane sugar to which had been added methylin 
blue and haematoxylin in varying proportions: 0.1 and 0.01 
per cent of the former and 1 per cent of the latter. The object 
of the dye was to provide visual evidence feeding had actually 
taken place. 

After the insects had been caged on the membrane for two 
or three days, individuals were examined from time to time 
under the microscope. The stain could readily be seen in the 
intestinal tract and was voided in masses through the anus. 
There was no evidence that the stain had functioned as a 
vital stain since none could be detected in any of the tissue. 
Trials with a large variety of stains with this object in view 
would be well worth while. A vital dye entering the insect 
in the same channels as does its food might well reveal differ- 
ences between larval and adult phvsiology which might ex- 
plain the curious inability of the insect to acquire viruses in 
its adult stage (4). 

It was found that larvae in the early stages of the lst in- 
star would not survive, probably due to inability to penetrate 
the membrane. Older larvae, however, both fed freely and 
transformed to the adult stage. The longevity of insects 
fed in this manner varied but adults lived for periods up to 


‘Published with the approval of the Director as Technical Paper No. 74 of the 
Experiment Station of the Pineapple Producers Cooperative Association, 
University of Hawaii. 
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one month without any food other than that derived by their 
feeding through the membrane.’ 

The insect was also fed successfully on extracts of Emilia 
sonchifolia D. C., the wild host of the virus of yellow spot, 
although preliminary trials of the ability of tabaci to acquire 
the virus of yellow spot in this manner have failed to show 
positive results. 
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*During the feeding process, no typical thrips feeding macerations developed 
on the membrane and no leaks occurred, indicating that feeding had been accom- 
plished through very fine punctures. 





KILAUAGRION DINESIOTES, A NEW SPECIES OF 
DRAGONFLY (ODONATA) FROM HAWAII 


CLARENCE HAMILTON KENNEDY, 
Ohio State University, 
Columbus, Ohio 


Kilauagrion dinesiotes n. sp. 


The material studied consists of five males, property of the 
Bishop Museum, Honolulu, H. I., which were collected on the 
island of Maui, June 18-29, 1920, by Mr. E. H. Bryan, Jr. 
All are pinned specimens. One lacks the head. The lightest 
colored individual was selected as the holotype. It possessed 
the same light bluish pruinosity on side of thorax and abdominal 
segments 1 and 2 as do the others, but this was removed with 
alcohol to get an accurate display of the obscure thoracic 
markings. 

Holotype: Male in Bishop Museum, Honolulu, Hawaii, with 
pin labels, Haipuaena, Maui, 6-29-20, E. H. Bryan, Jr., 
Collector. 


Measurements —Abdomen, including appendages, 44 mm., thorax, 
including prothorax, 7 mm. long. Abdominal segment five 0.6 mm. in 
diameter at its middle. Hind-wing, 26 mm., fore-wing, 28 mm. 

This is a dark colored, slender dragonfly, with long abdomen. 

Structural Characters —Apex of hind femur reaching to middle third 
of abdominal segment 1; the tips of the wings when closed reaching to 
the end of abdominal segment 5. A low rounded tuberosity behind 
each wing of the mesostigmal lamina. 

Wings with stigma lanceolate, twice as long as high, its outer and 
posterior edges in one curved segment, a quarter circle; lower edge 
subtending 2 R; cells. Me arises at postnodal crossvein 9 in forewing 
and at 7 in hindwing; Mya arises at level of postnodal 12 in forewing 
and at 11 in hindwing; 21-23 postnodals in forewing, 19 in hindwing; 
3 post-quadrangular cells; 12 post-stigmal cells in forewing, 11 in hind- 
wing, 5-6 being double in both fore- and hindwings. Cup 20 cells long 
in forewing, 17 cells long in hindwing. 

Abdomen slender, narrowing gradually to middle of segment 5, 
then widening gradually to base of segment 8. The male appendages 
are shown in Figures 3, 4 and 5. (Compare with Figures 8, 9 and 10 
of nesiotes' for differences in shape.) The superiors are forcipate by 

‘Perkins, R. C. L. Fauna Hawaiiensis, Vol. II, Part II, p. 72, as Agrion 
nestoles, 


343 








344 Annals Entomological Society of America |Vol. XXVII, 


the extreme elongation of the superior branch. Superior appendages 
(side view, Fig. 5) with height 2.6 times in length (3.6 times in nesiotes). 
Apex of inferior not reaching to inferior tooth of superior appendage. 
(Reaching beyond inferior tooth of superior appendage in mesiotes. 
See Fig. 10. In two of the other four males of dinesiotes the apex 
of the inferior appendage barely reaches the tip of the inferior tooth 
of the superiors.) 

Color.—See Figure 2. Black and reddish brown, pruinose on sides 
of thorax and abdominal segments 1 and 2. 
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Figs. 1-5. Kilauagrion dinesiotes, n. sp. 1. Color of mature cotype male from 
Kailua, Maui, 6-18-20. 2-5. Holotype male from Haipuaena, Maui, 6-29-20. 

Figs. 6-10. Kilauagrion nesiotes Prk. 6 and 8-10. Holotype male in British 
Museum of Natural History, collected by R. C. L. Perkins, December, 1896, 
at Puna, island of Hawaii. 7. Paratype female in British Museum, collected 
by R. C. L. Perkins in the island of Hawaii. 
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Labrum, genae and vertical surface of clypeus, brown; with a small 
lunule of black on base of labrum. Mouthparts brown with a dot of 
black on upper angle of base of mandible. Head otherwise black. 

Prothorax and thorax black with the following obscurely dark 
brown: a dot on upper outer side of prothorax; upper half of mid- 
dorsal carina, a narrow antehumeral stripe, obsolete in its lower third, an 
obscure stripe, interrupted in its middle on the metepisternum. 
Metepimeron brown (paler than the above mentioned markings) with 
a small, oval black spot behind the alar end of the metapleural suture 
(second lateral suture). Coxae and legs brown. Stigma brown. 
Apical anterior edge and apex of wing infuscated with light brown 
from four cells before the stigma to Mia and to apex of wing. 

Abdomen with segments 1—5 pale reddish brown, much lighter than 
on thorax and on segments 8-10. Segments 6-10 black with obscure 
reddish brown areas. Appendages black. See Figure 2 for details of 
color pattern. 


Cotype material: One male, Kailua, Maui, 6-18-20 (Fig. 1); 
one male (head lost), Keanae, Maui, 6-24-20; one male, 
Honomanu, Maui, 6-23-20, and one male, Honomanu, Maui, 
6-22-20. All collected by E. H. Bryan, Jr. 

These are all darker than the male selected as holotype. 
They are more bluish pruinose on sides and ventor of thorax 
and segments 1 and lower apical angle of 2. The pale areas 
of the abdomen are a dark brown, shading obscurely into the 
black markings. 

The scattered records indicate a woods species. In notes 
to the writer Dr. R. C. L. Perkins states that nesiotes, the related 
species on the island of Hawaii, was taken as scattered individual 
specimens showing the habit of those species that breed in 
scattered pockets of water or in the bases of leaves of tropical 
plants. 

The name dinesiotes is compounded of the Greek di= 
double and nesiotes, the name of the genotype, which means 
inhabitant of an island. 








ANAX PIRATICUS A NEW SPECIES OF DRAGONFLY 
(ODONATA) FROM GUAM 


CLARENCE HAMILTON KENNEDY, 
Ohio State University, 
Columbus, Ohio 


Anax piraticus, n. sp. 


This species is described from two specimens taken on the 
U. S. island of Guam in the Mid-Pacific Ocean. The male 
(holotype, U. S. Nat. Mus. No. 50567) was collected by Mr. 
D. T. Fulloway. It is described with the permission of the 
Curators of the U. S. National Museum, where it is deposited. 
The female (allotype, in collection of B. Elwood Montgomery) 
was collected by Mr. Dale Tenison, a missionary in Guam. 
It was presented by him to Professor B. Elwood Montgomery, 
of Purdue University, with whose kind permission it is described. 
Neither specimen carries a date label. Both are in fair preserva- 
tion. Though the lighter colors are yellowed the patterns 
are clear. 

Anax piraticus is close to Anax panybeus Hagen, from the 
island of Celebes, the type of which is in the Museum of Com- 
parative Zoology, Cambridge, Mass. I have not studied the 
type of panybeus, but have available for comparison the original 
description by Hagen! and drawings (Figs. 9 and 10) of the 
type of panybeus which were kindly made for me by Professor 
F. M. Carpenter. 


DESCRIPTION 


Measurements.—These are practically identical with those given by 
Hagen for panybeus. In both sexes the head is 11 mm. wide, the 
stigma 5 mm. long. 

Male: Total length, 86 mm., abdomen, including appendages, 
66 mm., appendages, 7mm. Spread of wings (tip to tip of hind wings), 
111 mm.; hind wing, 54 mm. long and 15 mm. broad. 

Female: Total length, 84 mm., abdomen, including appendages, 
60 mm., appendages, 4 mm. Hind wing (papered specimen), 55 mm. 
long and. 17 mm. broad. 


1Hagen, H. 1867. Notizen beim Studium von Brauer’s Novara-Neuropteren. 
Verhandl. zool.-bot. Gesellsch. in Wien, 17: 31-62. (Anax panybeus described 
on pages 42-43.) 
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Male, structure—Abdomen slender, narrowest at the middle of 
segment 3. The width at this point is one-fourth that of base of 
segment 2 and less than one-third the width of segments 8-10. From 
the middle of segment 2 the abdomen widens gradually to the base of 





Figs. 1-6. Anax piraticus, n. sp.. color patterns of male and female. 1-3. Male 
holotype. 4-6. Female paratype. 


segment 8. See Figure 2, which is drawn in wider proportions to show 
color pattern better. 

The male appendages are shown in Figures 7 and 8; those of the 
type of panybeus in Figures 9 and 10 for comparison. The superior 
appendages of piraticus are broader than those of panybeus. In 
piraticus the width measures into the length 3.2 times, in panybeus 
3.4 times. It is possible that Carpenter’s sketch (Fig. 9) is a true 
dorsal view and that the inner edges of the superior appendages are 
turned down slightly but this would not be enough to account for the 
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difference in the figures of the two species. In piraticus (Figs. 7 and 8) 
superiors are drawn as if held in a horizontal position which is not the 
natural one but is necessary for comparisons. Probably also in panybeus 
(Fig. 9) the inner edges of the superiors should be shown with a contour 
more as in piraticus (Fig. 7). The basal inferior ‘‘tooth”’ of the superior 
appendage of piraticus (Fig. 8) has a broader base, equal to its heighth, 
than has the basal tooth in panybeus (Fig. 10), where its base is less than 
its height. Otherwise little dependence can be placed on comparison 
of the lateral views (Figs. 8 and 10) as Figure 8 is a straight lateral 
view with the superiors in a horizontal position, while Figure 10 appears 
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Figs. 7-14. Terminal abdominal appendages of males of various Anax. 7 and 8. 
piraticus, n. sp. 9-10. panybeus Hagen. 11-12. gibbosulus Ramb. (?). 
13-14. guttatus Burm. (?). 


to have been made as a lateral view but with the inner edges of the 
appendages hanging slightly below the level of the outer edges of the 
same appendages, a natural position. 

The tubercle on the outer side of the paraproct is higher and closer 
to the edge of segment 10 in piraticus (Fig. 8) than in panybeus (Fig. 10). 
Its shape and position were noted as different by Carpenter (in letter) 
who had a copy of Figure 7 when studying the type of panybeus. 

The inferior appendage of piraticus (Fig. 8) is shorter, heavier, and 
in lateral view has a sharper angle in its ventral contour than has this 
appendage of panybeus (Fig. 10). 
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A distinct keel with a broad base occurs on the dorsal midline of 
segment 10 in piraticus (Figs. 7 and 8). Carpenter’s figures of panybeus 
(Figs. 9 and 10) show no keel and he specifically notes (in letter) that 
there is none in the type of panybeus. 

Segment 2 of the abdomen is shown in ventral view in Figure 15. 
Note the bladelike anterior hamules and that the area enclosed by the 
outer carinae is widest posterior to the middle of the segment. The 
shallow depression on the posterior half of the segment and lying laterad 
of the outer carina is bounded laterally by a low, rounded S-shaped 
ridge. Compare with Figures 16 to 18 of strenuus and junius. 

Male, color.—Figures 1 and 2 show the color pattern of the male. 
Labrum ivory yellow with a band of light brown covering its lower 
third. Otherwise the ground color of the face is pale green shading 
into brownish yellow on the edges and angles of the parts. Top of 
frons (Fig. 3) with a broad triangle of black along its front edge. This is 
disconnected from a larger triangle of black surrounding the vesicle of 
the vertex which is black with a broad brown dorsal line. Thus the 
head mark consists of two disconnected triangles. In Hagen’s descrip- 
tion of panybeus the head mark is “‘a broad triangular spot, which is 
connected by a short broad neck with a similar, reversed, much smaller 
spot standing on the anterior edge.” Occipital triangle dark brown. 
Upper third of occiput black, lower two-thirds pale (yellow?) with a 
fairly sharp, oblique line of demarcation between the two areas. The 
black area is carried down along the edge of the eye as a narrow stripe, 
its lower end on a level with the upper edge of the labrum. 

Thorax: Dorsum and sides, pale green; dorsally with two bright 
blue specks at the base of each wing. A black triangular spot at the 
base of the mes- and metepimeron. These spots appear to have been 
edged with a light color in life, perhaps yellow or orange. Ventral surface 
of thorax pruinose on pale brown. 

Wing veins brown except base of costa for two-thirds of distance to 
nodus, which is lemon-yellow edged with brown. Wings transparent, 
but with a yellowish tinge in the membrane which is accentuated by 
the yellowish-brown of the finer longitudinal and cross veins. A yellow 
band across the middle of each wing with ill-defined edges. This 
extends from base or middle of triangle to a level half way between 
nodus and stigma. Stigma reddish brown above, yellowish brown 
below edged with black. Membranule pale brownish gray tipped with 
white on its inner anterior angle. No basal wing spot. 

Coxae pruinose, legs otherwise brown, reddish brown on inner half 
of femur shading into a dark brown, almost black, on the tibiae and tarsi. 

Abdomen: Segments 1 and 2 pale (probably green in life) with highly 
developed dark dorsal bands. Segments 3 to 10 dorsally and laterally 
black with pale (blue?) spots, dull yellow in the pinned specimen. 
The under side of the abdomen, below the lateral keel on segments 3 
and 4 and below the upper or extra, lateral keel on segments 5 to 9 
brownish in the dried specimen, but the sternites of segments 3 to 7 
black, those of 8to 10 brown. Appendages brown. Segment 1 green (?) 
its apex with a dull brown band as wide as one-third the segment, the 
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band notched anteriorly on middorsal line. Segment 2 with a pale 
green (’) light basal band as wide as the preceding dark band on seg- 
ment 1, which on the middorsal line rounds out caudad to double 
width. The remainder of the back of segment 2 clouded with brown 
which extends two-thirds of the way down the side, below which is 
green. Dorsum with a black five-pointed mark in dorsal view, 
resembling two birds with wings outstretched the one behind with its 
head over the rump of the bird leading, the tips of the four ‘‘wings”’ 
extending down to middle of side, the tail of the posterior bird forming 
a middorsal stripe connecting with the black band across apex of seg- 
ment 2. See Figures 1 and 2. Segments 3 to 7 have both a basal and 
an apical lateral pale spot, AL and PD of Walker’s Figure 1, page 9.? 
Segments 8 to 10 with apical lateral spots only, PD of Walker, while 
segments 3 and 4 have also a small middle lateral pale speck on the 
elevated area which would be the upper or extra keel, if it were defined 
on these segments. See Figures 1 and 2 for the size and shape of the 
abdominal spots. 

Female, structure—The general shape of the female is shown in 
Figures 4and 5. The apex of the abdomen is crushed, but the following 
points can be discerned: Segments 3-9 with an extra lateral keel above 
the lateral keel. Outer angle of genital valve which carries the stylus 
not reaching apex of segment 9. Tip of stylus falling just short of 
apex of segment 9. Lower posterior apical edge (sternal apex) of seg- 
ment 10 with numerous sharp spinules, this area of spines extending 
dorsad on each side one-third the distance to base of the appendage. 
Appendages short, 4.2 mm. long, 1.2 mm. broad, widest at midlength. 
Inner edge longer than outer edge so that the apical angle or point 
tilts outward. See Figure 19. Middorsum of segment 10 with a group 
of about ten ill-defined longitudinal striae. Supra-anal plate crushed 
but probably as in Figure 19. 

Female, color —Substantially as in the male. Lower edge of labrum 
as in male but dark brown. Dorsal surface of frons without an anterior 
black triangle (Fig. 6). Legs black except for basal half of femora of 
hind legs which is dark brown. Wings uniformly suffused with a yellow 
tint. Costa pale to the stigma except for dark edges. Stigma dark 
brown above, light brown below. Membranula gray with inner anterior 
angle white. A suffused brown spot at base of A on edge of the 
membranula in hind wing only. See Figure 4. Thorax and segments 
1 and 2 of abdomen probably green in life, a trace of green surviving 
between bases of front wings. Figures 4 and 5 show the color pattern 
of the abdomen. The dorsal keel is black but indicated by white in 
Figure 5. The winged spot on dorsum of segment 2 has but two lobes, 
the anterior pair. Segments 3 to 7 have three lateral spots each, with 
the light color extending on to the lower edges of each segment as 
also in 8 to 10. 


*Walker, E. M. 1912. North American Dragonflies of the genus Aeshna. 
University of Toronto Studies, Biol. Ser. No. 11, fig. 1, page 9. 
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DISCUSSION 


René Martin (loc. cit.) lists specimens of panybeus from 
the type locality (Panybee) Celebes and from New Guinea 
and the Mariannes. Guam is in the latter group of islands 
south of Japan. Probably Martin’s material from the Mari- 
annes is the same as the form we are describing from Guam. 

Panybeus and piraticus belong in the guttatus-group of 
the genus Anax. The type of guttatus Burmeister* in the 
Zoologisches Institut, Halle, has been located by Calvert 
but no figures of the type and no detailed description has 
ever been published. Until this is done we will not be positive 
just which of several species is the true guttatus Burm. Hagen® 
studied the type and made sketches (unpublished), but at an 
early day before he had studied Anax and had realized the 
finer points, that had to be noted. Laidlaw® divides guttatus 
into three forms, A, B, and C, and decides that his form A 
most nearly fits Burmeister’s description. Fraser’ follows 
Laidlaw in considering Form A as guttatus. 

Hagen (loc. cit.) decided from his notes on the type of 
guttatus that panybeus Hagen is distinct from guttatus and 
described panybeus (loc. cit.). Martin’ rates panybeus as a 
race of guttatus. We can discount Martin’s judgment as being 
poor in a species sense as has been amply shown by restudies 
of his material.° 

The only available keys to this confusion are Hagen’s 
judgment which has usually been found to be sound and who 
actually studied the type of guttatus, and the statement by 
Burmeister in the original description that the frons is uni- 
colorous (fronte unicolore). The markings on the dorsal 
surface of the frons, when present, in the genus Anax have 
been found to vary little among individuals of a given species. 


3Burmeister, H. 1839. Handbuch der Entomologie, Vol. II, p. 840. 

‘Calvert, P. P. 1898. Burmeister’s types of Odonata. Trans. Amer. Ent. 
Soc., Vol. 25, pp. 54-55. 

5Hagen, H. 1867. Notizen beim Studium von Brauer’s Novara-Neuropteren. 
Verhandl. zool.-bot. Gesellsch. in Wien., Vol. 17, pp. 42-48. 

‘Laidlaw, F. F. 1921. List of dragonflies recorded from the Indian Empire. 
Part IV, Rec. Ind. Mus., Vol. 22 (2, No. 11), pp. 84-86. 

"Fraser, F. C. 1921.» Indian Dragonflies, Part XI. Jour. Bombay Nat. 
Hist. Soc., pp. 115-117. 

SMartin, R. 1908. Aeschnines. Coll. Zool. du Selys. Fasc. XVIII, p. 24. 

*Williamson, E. B. 1923. Notes on American species of Triacanthagyna 
and Gynacantha. Univ. Mich. Mus. Zool. Misc. Publ. No. 9, pp. 8 and 9. 
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Burmeister’s statement is probably correct as he notes the 
frons markings in three other related species. In guttatus he 
noted their absence. The type of guttatus is from Java. 

Guttatus has no frons mark. Panybeus Hagen (loc. cit.) 
has a distinct spot formed of two triangles, the anterior of which 
is much the smaller. Piraticus, in the male (Fig. 3) has two 
such triangular spots, but these are disconnected, while in the 
female (Fig. 6) only the larger posterior spot is present. In 
panybeus segments 9 and 10 without spots while the spots on 
segments 7 and 8 are weakly indicated. Except on segment 10 
of the female of piraticus spots are strong on segments 7 to 10. 

Structurally we have noted a middorsal keel on segment 10 
of piraticus, none on panybeus; the inferior appendage of male 
heavier and more angulate in side view in piraticus than in 
panybeus; male superior appendages wider in piraticus; basal 
lobe or spine on male superiors wider in piraticus and the 
location of the tubercle on the outer side of the paraproct 
higher and more anterior in piraticus than in panybeus. 

I have named this species piraticus, as it is an inhabitant 
of the Ladrone Islands (Mariannes). 


NOTES ON THE GENUS ANAX 

This study, begun with the discovery of the male of piraticus 
in the U. S. National Museum in 1926, has shown the con- 
fusion in the taxonomic literature on the cosmopolitan genus 
Anax. About thirty forms have been described. Probably 
there are a number confused with these and a few as yet undis- 
covered. Walker (loc. cit.) has shown that in the related 
genus, Aeshna, species are many and are separated by combina- 
tions of what appeared to earlier odonatists as inconsequential 
characters. Williamson (loc. cit.) has shown the same condition 
of numerous close species in Gynacantha. Few dragonflies 
have as many specific characters as do the species of Anax. 
These are peculiarly shaped carinae, details of coloration, 
undescribable but specific sinuosities in the outlines of the 
appendages and specific shapes of individual segments of the 
abdomen. Students in the future will have to note such details 
many of which can be shown only by accurate drawings. The 
earlier writers, Fabricius, Rambur, Burmeister and even Hagen, 
did not realize this and published inadequate descriptions with 
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no illustrations of critical characters. Until the existing types 
of the earlier species can be carefully redescribed and adequately 
illustrated a systematist takes obvious risks in describing a 
new Anax, especially one from Asia or Africa, the species 
from which regions being in especially great confusion. I realize 
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Figs. 15-18. Organs on ventral surface of second abdominal segment of males of 
various Anax. 15. piraticus, n. sp. 16. strenuus Hagen. 17 and 18. junius 
Drury. 


this in describing piraticus, but have introduced enough illustra- 
tions to make it possible for later students to identify the species 
positively and to place it, if it should prove to be a synonym. 

To assist later ‘students I have introduced Carpenter’s 
figures of the type of panybeus Hagen, figures of the types of 
maclachlanit Foerster and selysi Foerster. The figures of 
junius Drury and of strenuus Hagen are not from types, but 
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are Pacific-Island species whose identity is unquestioned. The 
species guttatus Burm. and gibbosulus Ramb. are in question 
because of inadequate original descriptions. They are relatives 
ofgpanybeus and piraticus. 
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Figs. 19-22. Terminal abdominal appendages of females of various Anax. 
19. piraticus, n. sp., paratype, dorsal view. 20. selysi Foerster. 21. junius 
Drury. 22. strenuus Hagen. 


Anax guttatus Burm. Figs. 13 and 14. The illustrations are from 
a male in the Williamson Collection, University of Michigan Zoological 
Museum. It bears the labels, Mecara, Coorg., 15-V-1923, det. Fraser. 
As noted in the discussion of piraticus the status of guttatus is in 
question. Figures 13 and 14 were made in 1926, before I realized the 
necessity of drawing the superior appendages as if they were held by 
the insect in a perfectly horizontal position (one quite unnatural). 

Martin’s figures (Fig. 17, p. 23, loc. cit.) are probably of another 
species, as they show a keel on segment 10 and the curves of the tips of 
the superior appendages are different. Which is guttatus, if either is? 

Anax gibbosulus Ramb. Figs. 11 and 12. From a male in the 
Williamson Collection labeled, Brm. Jv. 20, Stand. and Baugh. Figures 
11 and 12 made in 1926. This is certainly not the species figured by 
Martin (loc. cit., p. 24, Fig. 18). The species is supposed to be identi- 
fiable by the gibbous second segment of the male. Apparently more 
than one species has such a character. 

Anax junius Drury. Figs. 17, 18, 21, 23 and 24. Junius is the 
cosmopolitan species, the common pond species from Canada to South 
America. The type was from ‘New York.” Figures 18, 23 and 24 
are from a Hawaiian male in the U.S. National Museum. It is labeled 
Hilo, Hawaii, H. W. Henshaw, Collector. It differs in no details from 
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American specimens. Fig. 17 is of a male taken at Haverhill, Ohio, by 
Donald J. Borror, June 27, 1931. This figure was introduced because 
the intersegmental membranes (shaded in lines) are exposed. In 
all other male Anax examined the membranes between segments 1 and 2 
have been doubled under the posterior end of the sternite of segment 1 
as in Figures 15, 16 and 18. The shaft of the “penis” in Figure 17 is 
broken off. The inner carina (see Fig. 15) along the edge of the pleurite 
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Figs. 23-30. Terminal abdominal appendages of males of various species of 
Anax. 23-24. junius Drury. 25-26. strenuus Hagen. 27-28. selysi Foerster. 
29-30. maclachlani Foerster. 


is looped differently in Figures 17 and 18. The majority of California, 
Nevada, Ohio and Ontario males examined were as in Figure 17, but 
a male from Blackford County, Indiana, collected by E. B. Williamson, 
June 25, 1905, had carinae exactly as in the Hawaiian male (Fig. 18). 
Fig. 21 is of a female collected at Buckeye Lake, Ohio, by Donald J. 
Borror and in the latter’s collection. 
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Anax strenuus Hagen. Figs. 16, 22,25 and 26. This giant dragonfly 
is known only from the Hawaiian Islands. It is so similar in color 
and structure to Anax junius which is the only other Anax occurring 
in the Islands that it is sometimes spoken of as a giant junius. The 
writer has wondered if strenuus might not be a tetraploid or other 
polyploid mutant of junius. It would be interesting to make a cyto- 
logical study of the germinal tissues of the two species, as few polyploid 
species have been identified in nature. The majority are from breeding 
experiments. Labels on specimens: Male, Honolulu, Oahu, vi, 01; 
female, Olaa, Hawaii, 15-20, May, 1900. 

Anax maclachlani Foerster. From New Guinea, Figs. 29 and 30. 
Drawn from the type in the Zoological Museum of the University of 
Michigan. Figured also by René Martin” from other material. 

Figures 29 and 30 were made by the writer in 1921, before he realized 
the necessity of great care in details. The Martin figure shows a keel 
on segment 10, a tubercle on the paraproct and shows the superior 
appendages in a more horizontal position than shown in Figure 29. 

Anax selysi Foerster. From New Guinea, Figs. 20,27 and 28. Drawn 
from the types in the Zoological Museum of the University of Michigan. 
Male figured also by Martin (loc. cit., page 7, fig. 20). The same 
criticisms of Figures 27 and 28 can be made as given previously for 
Figures 29 and 30. These were drawn in 1921. 

Martin, René. 1908. Aeschnines. Coll. Zool. du Selys. Fasc. xviii, 
page 26, fig. 19. 
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